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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 constructions 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 fill, 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



as possible to as nmuch air flow as possible for as long a tine period as
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requi r emengporative direct heat exchange to occur in both sectlons, 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 recirculated 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 airflow through the coil only serves to decrease the performance of

the wet deck fill and burden the air moving system with additional flow requirements,
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a cooling airstream they were free to highly concentrate 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
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(sonetines referred to sinply as water) onto a gas and liquid contact body
(the wet deck fill) having a surface for receiving the liquid and

occupyi ngve oBiens2 pl an area for receiving -3 WO 03/ 001132 PPUTTISUB02237223
liquid fromthe liquid distributor over the surface substantially
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enbodi nent of the invention, the evaporative cooler conprises a liquid
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air noving_,devj. i [ I fil feal y, the
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R R
met hod is podvordedhenicen ditd bty aad Wiy kdan@ansfer working 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 transfer working fluid conduit. The cooled liquid,
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 ts positioned to
receive substantially all of the heated liquid from the surface of the heat transfer working
fluid conduit. A liquid recirculating mechanism is provided to return the heated (or
collected) liquid to the liquid 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 of 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
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fluid conprising the step of dispensing a liquid onto a surface of a body
wherein the body occupies a first plan area. The air is flowed over the
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Also in embodiments of the present invention where the coil is substantially 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  orother openings. Also, 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 flow

evaporative cooler, rotated 90° and taken generally along line 1i-11 of FI1G. 1.



FIG 1 is a side sectional view of an induced draft counter flow
evaporative cooler 30 enbodying the principles of the present invention.
FIG 2 iswaosotmsmnti c side sectional view of the induced @cafusopoumt er fl ow
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pi ece hodul es, REIAILEDDESGRIPTION Onk BRREILEMBODIMENT ot s or
units erected i : Alekd YndWah Bk R i
housi ng. O her glr]? %gg]rtre%ﬁ{égaé\ﬁ{ Fe{l‘ﬂigsgtoggépar gt?]\fe to ea4 2g]ersaon opﬂ)s%mm?ﬁm?ehe
art from t heie2pof alrsoustivgs ded emranpementsofWlhiteeseperef ersueld amariyediensnrs. An

evaporati ve, cool enbqdyi ng the principl of the,present. inventi,on i
Shoun  gentlusirtsd herenip tefe #F @amerdus afhes Bnhadigisis And BeRgtions ™ Sialbhent
parts. ThepRsds ifvehiiGvEdh betieslidet DEHPExaSHIRAEENAT 1AL bdef@tedZntAtnént Gd 1 ect

heat transfer section at 24 which includes a ' .
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
generally at 20 in FIGS. 1 and 2 and comprises several component 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 receiving 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 cooling 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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body 26 with a surface for receiving liquid fromthe liquid distributor 22.
An air noving 30 device 28 is provided to generate a flow of air over the
surface oWotlhmotezrly 26 causing a small portion of the |i eqardiSot/oneng

t hereover to evaporate, thereby cooling the remaining portion. An indirect

cool i ng secti onThebpdyosd Fecheniatidtlp@stratpd eaddnyprisig] andgemait wiedshasane, and
preferably a plurality of heat transfer working fluid conduits 32 i g t he
form of | ol9pee wfacwepgvlth-aepl\m‘lwfwla@%gprmz@gethmghbJﬁvb? Yis

schemati cal |y, L lchrygaﬁ(% ?rta‘rﬁg ldﬁ?er&ﬂ;ﬁi)xrnilss I An8Forf, Wy%il@%ohﬁis@a L@arest

surface area wt Ity of air passageways extendi ng therethrough.
The body spacédemrcshect radterialnfyr elahfpde, @nth theshests drienede/eftarily sudhehigoty
th

could conprise a stack of ced apar heet. materi als,,for _exanple, w
Che shebr ceuppentEdavETrus PR SeEhuRRiine TERE TR EhbTa e o SRR ER N o be
di stri but edhRakl phidBeSUNbHAE Be Rirmed Beiweeh thd paVEIAMNVENNEE G 36, alloWH flGw BF hir
passages woul d be fornmed between the spaced sheets so as to allow a fl ow of

air over oves tbheheets aashetlinmid isdleivdng gvertlesaihaefs olier morespehidistagd prefersechor e
speci fic and, pr.eferred di pent... .t sh terial non- pl anar
so as to p‘rarB\b/(? ee {’ggrslhggtr%q&e”ag%%lglbﬁﬁg o éﬁt%}cf({r%ctg é@éd{%(gér%ar%f ace area for
t he |i qui dedrivofdtions avidtreasdthé aurfdck lateafoomk tigind ta b0 @letirveliletsyill@roddimgfa ow
passageways, t hrough the body. The bod% C%l‘# d {;H]sg iyonprise a series of
spaced &I ablyradity el eh flawgwssagewars thiongh thetiagis ThpBPQGTYIG P PFUBPTISF & 7ECHr t
recogni ze L JA6L b, PerhvaLndenknd ik tecaid h

her ei naf t e?%ﬁgecﬁ%%%/ Og%’%?nlaay%%g ?%?gﬁdég to ass thé wet deck efci ?I Z%?ucsi npl y
fill. A pabtdyednatrudtiope bpthevetm detdeckifill andriecdinafiep thiedwdy 26 et etured t o be

very efficjent, and ef ive is at disclosed and clained, in U S Patent
15 No. 5, 19#A53BgWet ﬁf‘&ﬁﬁ@wﬁ&ge}wéﬁﬂf*wewar Pe ?b”?bg‘“rc tfgﬁwh‘éﬁépﬁ’ﬁﬁ'@“ts

ref er ence. h\RGoh AP0 RGler N Effilcieht AMSEMRICti S&RlthAMidchosed MrN@hintalih Y.§ | Hausk r at ed
as conprising at |least one heat transfer working fluid conduit 32 having a

sur f ackS t oNpedR4,.887.like distlomapbwhichds incorgaiatedsesetn brnéetpisase 26. Thi s
conduit may take,sev I for [ udi. [ 1.ndi Vi - coj l.s.0r
tubes 54 connec? 8%‘ dgrre ehziegtetrrign%%é@%Jg‘dgH%&h%@?@%’lli?l}%&ag@ qﬁs\éggg%lﬂﬁg{ fedst
i ncr easi Ngoge ek frandferav@&irzdluid ogrigariritavinyg asaefacot-revayrothaned ebippuitdd A
specific tf{pe_ 0 coi | arrang,erren is disclosed_in U Pat ent. No

1

f :
4,755, 331 Dpidiiiashthehody dhed Miorduibmpy ke sayery foues g Eeer ?hough
circular CHOSSySEEhHCOGubS HERRRREL aElQ@FSé@@bﬁﬂ/‘dermﬁlyarrﬁlo?&bla? utilized,

é 2
as well as other cross-secti onaf‘ configurations. Further, "the conduit may
be in 2he inoreasiof azuifatd wee for abgagemeht pabe agesviroratediliqiner &ispedibe typeeof

0 b 23, DL O B EITA0 8, MR RERRLER 0
transfer rgliptitdRaddk Bectins Alth@fzhQircGME Brod sec@nstRestribed i ihhi g@eht\Whdyh
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 coil.
In the embodiment illustrated in FIG. 1 and F1G 2, the fill 26 occupies
substantially the full 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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the plates oriented vertically with appropriate connections and headers for
distributing the working fluid through the plates. Hereinafter the heat
transfer worokiong3i|l uid conduit 32 may be referred to nor @CIiuspt/y2as t he
heat exchanger coil, heat transfer coil, or very 30 sinply coil. In the
enbodi nment and 4 de&ith EZedt least BhéSof Whiahdk dridBeRthah hiee dorlelpddingogudfi 88 and

bstantially th full t th. f 34
vari ous. of deiteDIspbRt Dedii £l BraBieal o dato Srarci s HREIRBR £ Aot er
Col 1 %3 occupt o, kst ot PRHOILI3 AETLISIULERPRn ) 8 et D2

at | east one of V\/mchls smal l er than the correspon W1 and
dept h D1 owgppé@bduyZO%GtOBD% ofabe plahasea of He ftlb2¢ (fB‘Et Marsaraa)srialah@welpl an ar ea
t han t fil erred, enbodi nent, th JAare €

(second pl ﬁrﬁkﬁéfegae)mqog T‘%%%hersa?ﬁ%%d @?n 3rl§8ustmé6 b aﬁég@% % 8f° ??102’ Oflhénﬁrg'? Ign of
the fill 2&ehf i slotiir prefért @Pgmbddimamahiscond plarbanieh werhode mmco%ttbe’osecond
plan area is in the range of 25%to 80% of the first plan area. |In another
preferred ehthedirsdan a'tle second plan area is in the range of 40%to 70% of

the first plan PG 20 ilfds &5&5 %a séétl%ﬁlllr\%v@?ak%n ggﬁlg@%@eh@wmﬁ& %ﬁﬁﬁaz! ly

along the line show ng, view, that the fIll
occupi es t he)wmgltﬂ"odd\élop/\MBWhthatSthb il Zeuddcupiesithie vofith WO wHieh sobrsfubigy@th alhd
t he heat tra fer

occu sser. . wi dth W IS s aced, awa
from elbn' 6 ToHans S8 s Meear (T rBLaF RESurieS adtateni DLir ik Sared By
area of thﬁofnléakh 8BtheSIHRWAILL Bftthg?lohs‘%% ﬂﬂ%brf bOech At MeGlad SredbLdkenl ihan the
pl an area of the heat transfer coil (shown in the right half of the

FI G ), andshowrfiaghe @lﬁduifthmﬂé} ingreptiesthan th@sﬁlﬁtfa?!f%ﬁfthp hegit@nsfer pej32 i oned
bet ween t h?gfgl wj]n @-}6? rg%]l h%lk1 es t)he?fl Si ?’actg ut dgzblle ?1} ﬁle ?19%{rﬂlféo'f§%%rzat or

section 15 e l1qui ?'8avin rror to

I t's engagepsyidionsd bletvidea tlﬁkealll 26 hﬁ@ﬂ&f}fem teqmister 3ail 3P\1sla lmu:dic@@lehtwbﬂfecﬂ&l S
positioned to collect liquid flow ng omthe  surface of the heat transfer

coi | 3P A% whishFonentratasithg ligwd }ﬁe&mﬁh%ﬂv 46 pyigr @r‘@ﬁ“&@&"%%‘t witdti heat e
h
eated i qylolelr ﬁ%fvatzh%hg@&;ﬁu{;ﬁ@%ggﬁ&fy%mffec héﬂHH %f‘rbﬁ%%@r 22. In

t he enbodi nent strat t he qui d I but or
conpri ses surfa2e of dei hest todnsfemdbiWB?JuAlqumdltmlcéwldtzlgpnmhadsdl 40nmlprcqud&di to

passageways 44 such .an rra n rom a. header pipe 46. It
will be apPit¥eit "E]é"rft?%ﬁ ﬁ B%‘IB«SB@G%‘P‘ %taﬁhegl ”&?g]‘tsvlbb'feﬂ ?)T?s coul d be
utilized in addif ah%n;bedﬁmt ﬁma@ainemm:heaﬂatzl gehighid dibtHstort&Hprifeah
exanple, in lieu of having I ndividual nozzles 42, the pipes 44 may nerely

be per®r aseits of Fidevitual npzelgaddsprgeed i nﬂa}w@p@@amamM buchfagamaoy af gipagl e
PerTor el £ RIS R RELRE S0 T FIERIBh e B ool
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 not critical, so long as it provides a
relatively even distribution of liquid onto the fill 26 and allows for a flow of air to exit
30  therethrough.
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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channel s 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 wbaaneiis2 or troughs. The precise arrangenent of pcrasoy/aques
distributor is not critical, so long as it provides a relatively even

di stributi pixh@fartaingéthéhtOwhieh i@fdrieklin 22 @ aglah MRicéDdratt colimerfliw istent,0
exit 30 therethrough. The air novi ng device 28 is shown in FIGS., 1 and 2
as a bl adethefedis ajse$yRicadhyauovideshy drift gBmanater 2o facilitate)ip gerppving entraipest

openi ngs 4 i i i : . . de i such
that air i gqlg?%\ﬁﬁ &%%ngtﬁtg ﬁggﬁéﬁpﬂg@ingﬁlgéé%ﬁ ngﬁé tnﬁrh\gggﬂgt ﬁ/}én?idlh{lferg'g% and
to exit attyped apl @hstriiohoodrifyelithimateghae knawg eénayabng olgs89 sposd triecried above

the fan., -8 WD 03/001132 PCT/ US02/17223. 1 n this arrangenment .. i.ch |s
referred i Al2stHeerayqo Siat%EHSHV‘?rFl&’ PeEPY AL f@%ﬁ‘teéerttfr%%"é’&}%WE‘ﬁFﬁW‘ﬁHBP%ﬁi s

al so typi cahd WaRr aMpRedinandsit f in @k iafaR@nRnt Ridstrted A6d Edifedled Waber'd®oR¥isNg
entrained liquid droplets in the air streamprior to the air stream

exi ting thweilhdwpj wyler Mapgoftiraviey, ento the yoedeckd! Zowih thecatherrisstobuted lifuid.

elimnators are,Zkno i ncluding close]ly. spaged nmetal. 5 plastic,.qr wood
slats or |ouver Q/{(W;g@}?r B@Fwttalg[nlovpg&g,ﬁc?‘sg\;vgf%c%l&ﬁpp%ﬁl@tﬂgﬁ?ogﬁ Sl\(/\lnﬂF "tol | ect

fine water trﬂraetnhahéin},: Bldvitgs &f Variolf chlRGuaidmngevadid dinphraging ahedyert die

coll ected water droplets wll drop, under force of gravity, onto the wet
deck f191 @evwgtdqwtca%wabﬁ@rrnwrgw@uwh ap FRfyealioNVEWPNSYSh erliepgpgien of the
oVl Ng_devli 88udlopkniRE S0 Ry ARRA I that B foBASE iPKLLERE foher tRR oAbh WaMGE udi NG
bl owers of “Vari ous CORSEr Ut ns, vabl e di aphragns, and even air 10

movi ng devipaes reguirbmens maviang Aiacisalscbctrans doomwaatly onerche maegesk fithzo

position of the air outlet opening 5 var nd may be | qrated,in a
si dewal | rBrhencright flow yprngament fﬁt%efsfgagg%rcsqﬁ‘%éF gﬂ‘@ﬁ_f@x%ﬁé’?er“éﬂf”.s"ﬁep' can
al so be dr gwndewnpaidl¥n@MRliof Bl WeltdeBK itkiaid méfng Hevide GOBEHtANt: f 1 ow
arrangenent rat her than the counter flow arrangemanét’ illustrated. Again,

t he prEti skeiognspartant Py that the acatchensd toflowheenihe sydadersd thpelill é@ opto not
iti [, it. bei .' t ant | t . L ro
The. surt acehish b TBEGURR, PERb St Rl thife ML RsbBHRE faf BgHteBLBEES o

skill in tbﬁaiaﬁ]bvmlgldevircemgﬁbamotr@atitaﬂiefiﬁ esredih sityapiess depfendiing ormieingl devi ces
may be nore suitable in certain sjtuations depending on desired air flow
rates, noi Bewlraigs|noisedgyglsesnaganryalsbllty.\tc-etc. The liquid | eaving the wet

deck 26 is cool . j I i : iﬁ'%pg
system approacﬁgesﬁglﬂgm%ﬁﬁl:égﬁ?&%{e{j% &pﬁpgcgﬁn%de?@greg%ﬁ {Vﬁﬁjq %(i%%;’bae%i ng Izzlrawn
into e bffiginhgystehf)@ppiogetied thr oapietsiatdlip tempemtunpofibe iatr bealgl sawhimmoagh
the heat transfer cojl

e b e Bhbimadiraduie Bl Sabes 25 ISR by Imnibraf L
and progr essef, 4 ardh b AShRnR RS ABIGR; Al AtroBuddddMBIthe heat transfer coil
32 at a lower portion thereof and progresses upwardly therethrough to exit at a higher
portion 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 fluid 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 important 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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portion thereof so that the working fluid will cool as it noves upwardly

and at the 25 uppernost portion of the heat transfer coil, the working
fluid w |Wolms/ovhe2 cool est, as will the liquid com ng fromcorhesomer22sleck
fill 26. Thus, the working fluid will be able to be cooled to a

{ enper at ur g ARRROACHISNG oDk Hay WEURHne [l ANGRL R GIRGLALUIE oREHIAY D! €

by the evaporative cool er. e working flul be condensed,
it will hafleidta thé ligpud thronghethe opparal.end of the coil 32 to a | ower end due
to drai nage requyjrenents, even 30 though such fl.ow direction is bi t
ess officient fBy hsie 14 SAbRuAedon ers Qe B o&therenirl gl Eerand
constructi gRgs iiedngedgen@@ly prpiRfi@Naré®bhe St lsb aH® RRRATRRAErallY Guicer son
of skill in the art i'n that the precise construction is not critical, but

rather it stapendhismpoiculanshaps) yhiheanvenentcanddapromedvp demnplstages fr t he

wor ki ng f1 uj [ QVIi f : i,qpi.d, and
the mater et Shatafto dlnantor e BRIRARERYS BY-H0T1SS0uaR b 1053
to permt ednipif)sh€hoing@ald Kavemdiroelaf trosdsetiort dreothérqigbmhetrizak shapewed)tin ng
passage of either the fluid or the |iqui, thr%ugh t he nateria[hqqu

housi ng 343k VRIiPYsIAMRAENAEOWEPRIPRIALR AUETEH NBFS iibd "ghPF' B¢ FYIGEHT cal
outer wal Llﬁofs‘@,@%w&%r}%{:ﬁéd %haoﬁﬁg?@ﬁgﬂx'  AThiQyiA MR ANOTRBE ei@eds to form

a generally cubica shape. This ‘particul ar shape, while convenient and
econonm &al especiabywithatspeet, toitle ¢robodimensgBentiptedrin Gt 7 whichtipdistussédbedati)on,
and t he shape of, the, housing can.vary.w dely or,. exanpl e he housi ng
coul d have a of i arsuEtucRRia S RRREH 36 B EREP GalR AR
fact, varipuse eRBBORRME BlusatbdirRdocahed, évendhdigBronBbr tHRUSheA @S diffdreriot
being critical that all of the elenments be |ocated in a single housing.

(Thi s wil | eloaenimeondrhe used ethe liquid cengraemiar {n e embpdisysatillusigated n FIGS.
embodi ment i 4 95 E:g;rqglefs.QISFplr idd Y@ﬁiﬁ%o@%nﬂ%@@“ﬁﬁ%rﬁﬁ!tw{" r is Ardvidiyi d
concentrat of s&ction IS illfustrated at and 7 s conprised of two el enents
i n t helenbodbwghrthe sidbwsils @tthehdusidg 38Sis showndt Zrovesdhartdnguigho aneover thiche

other or different _elenments could be used as the |igujd concentrator. In
t he enmbodi WeheecKfLZG r A5 dle Fhiseireag m“fa@mné,str?% 'Léﬂi“ﬂj ‘i‘l"‘ﬁlné?t gonagwpwvi de a

liquid CO”&@CQtfHﬁfsiiﬁlgi W 6] ki it fredaliBindal Eadssd & @Y hWaddy hhdR ughinhlnce
sidewal I s of the housi'ng 34 as shown at arrows 47 and up into and over the

wet deck fof the26.stréamahehcawm by srrawahh suchwhntcthy wiater dalkng Gam the ngtidetkffdl | i ng

e dl'y uidsPorERET i e DS HoboIEe ket BiRsany haRTHRE S ” Sue

that tfe wWak efletkakl ing fromthe wet deck fill wll concentrate toward the

center of the housing, at |east on those sides where there are 20 air

inlets 48. As séheshemasiadliyshomonvia FlG. &itls hat transderirod 8 2tmanks wacehi | 32 may

be spaced 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 evaporative cooler 20’ includes a body 26’ and a heat transfer coil 32’ located in
a housing 34’ with air inlets 48’ provided on only three sidewalls. While the wet deck fill
26’ still occupies a full width W1’ of the housing, and the heat transfer working 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 varied 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 sidewall as described above.
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inwardly fromeach of the sidewalls of the housing 34, and air may be
admtted through the inlets 48 in each of the sidewalls. However, in sone
appl i cat iwo3/00oti3zray not be possible or feasible to adm tecaiusot/nines al |
sides, and in such situations, it is possible to 25 arrange the heat
transfer coil 3Rngih"e?§(§slsﬁblea&in€€rﬁfhttm%@le?ne%t piRYRdtkd inTIGS. 11 S2 aRPWM didhddl G 10
where an evaporative cooler 20' includes a body 26' and a heat transfer
coil 32' | wvebs @Qlextnndleg fromsthe gutga wallswi the hpysingmiseary iggardly &3 8d@e on onl y
three si dewal c [ wi dt h
W' of the (hcblags r}%/\y%heﬁ t[trﬁms\?’% coq%?r a’lf,]hg]s yv\gyukdsftallmsé qurgg%ﬁaoogglgﬂlhgg a

| esser W divhicWhas nbhet Bedt conténstalinahé srhSllep(pwntarém@diuﬂlled®§2Ttlheyh@dj acent to

the 30 sidewall without the air inlet. This one since there will be
no air ¥ omséerﬁpé\}ﬂ&é the, incamingrF ¥rsaBnwvidk b éeffeéimythaslppeﬂ;wa”ﬁr%mwaﬁ% wet

deck fill g8 15#%«%%11{1 h%weeﬁceﬂaatearm m@i erb &(&ped%g%r $&aldhe nunber
andlocatlono e alr Inl’ets ¢an be varied the air 1nlets are

| ocat ed i npmmeled,rarmtnnaf lsd ukedab h soleandngemednn fax cbocprnWaﬂnh” ihe ltighel dong owall et
openi ng IS ved ta a SI wal.| as descri bove. - 10 03/ 132
oot agzr 17hos ik s neir Bude TENS S afrmiaredbt a Ml Bt FiG T L Al Wets s
1, 2 and 9|s'n%a‘iﬂ1@&?d8%|th§51@&vﬁ?(§mmeﬂ@heﬁb?'ﬂiﬁﬁé&l@% elie et trens@dr dolig2housi ng
34 and mvvardlg to a space occupied by the heat Fransfer coil 32. Thus,

¢

any |i i dedudd be srpced avwex femvibat walk knd p slopedswalhaP cepulrhaviedieey aseddeen
concentrat Sr v1d% tfle Eon%er?t%in c?loﬁrlt il F @ %? dlq?/tggl:[ sle?%x %tl]gst%?luﬂ%‘raﬁ &ﬁ&ﬂ?

coil 32 by i'ncom ng rea W | 'oped Wa{L s 60

toward t heorfwﬁdre{tmg thd Hqulam&)am%nﬁomhlemﬁnet plamatearmtmqﬁ&tby the ffll & tokBe sl oped
wal s 60" are also provide and may

d as sol e arrange t for
concent r at $5¢§4 plan |are&lﬂcaura1=<g\>agth§ hral tFanS éﬁ”&% Rl Ee PRPAAL AR ho g‘h%@pe’d Hhus,

in the arr oalrlnlet
48' in theﬁjglq ?1? %E\%\%ercg%ced?ﬁgg?g%@é% Q%C@%dpgﬁggbsﬁﬁgeﬁﬁle%? )'?ransfer coi |

32 10 toul d be ShabeddavbectdridnmFhétlOnalillystrared a asirgrecbenastimp60 theouind have

been used t I‘OVI de the ncen fun n at that |ocati Q her

struct ures® %?Prpéﬂ{j‘% Hf@q?@?dt 6&%@‘% ﬂ}fa%ﬁsé“gr ?lﬂ]ﬁ’uél’ 5 {}feir% t he
first pl ana@é@@m@ﬁ@t&@hl@%ebﬁm&&femfcluldlng&%ﬁ&lst PEssaSRCHBIsd @k i @ehePCCUpi ed
by the heat transfer coil 32 will be apparent to those skilled in the art.

(One ot her aspgements for eollegiéngethe hqgnddé’%atu&)@ﬂmnprthnqeesﬁ@tthetltslurdl@ 7.) 15
The liquid tor 38.i rated as a single open sunp in
the form Scﬁ%ﬁlﬁ% ch'ﬁc%atg’ﬁléogle hcbu“!l ﬁlglcrg)tugodtzlzn t he bottom of the housing

al t hougth, agai nForcthfsiREgse, thatigadgedi®nlasing atcBarian W0 iid proeided Mdiakdi ng
channel s, passages, a closed tank or other arrangenments for collectjng the
i qui d. VheQmprasegan ﬁ%&ﬁq@ﬁb@fwwmtf‘eﬂ‘ﬁ@dlopﬂﬁﬁt%ﬁ '@éhe By id sellesdor Gy to the

recircul at lléﬁﬂd LRt 29UL gar@ét?%? EEHEEQE A 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 skill in
the art, it being recognized that the liquid recirculating mechanism should be effective for
30  moving liquid from the liquid collector 38 to the liquid distributor 22.
In the embodiment illustrated in FIGS. 1 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.
-11 -



20 For this purpose, the liquid recirculating mechanism 40 is provided

whi ch conprises an arrangenent for noving the liquid collected in the
liquid covDespan3B8 to the liquid distributor 22. A vari eCy/ush2/17223
constructi ons coul d be utilized for the |i qui d recirculating mschani sm 40

i ncl udi ng with connected i i ng, |.eadi f I

col | ector qﬁmathgetlerraﬂngﬁggg} ‘8 1O D mée?’?‘s”eef &(I:(odd be any
of a 25 Va§db‘§€a)‘)t19ﬂ]y gr@@wnth@ﬂmwap@rhwh fmcﬂhs}pd)facy@mmonpusmsfpr bentmhifegal
punps, peristaltic ~punp tc. Gther arrangenents for the liquid

recircul at Wﬁ&lh&ﬂh@rﬁ%ﬁ\"@olﬁ}@f@l@@othﬁédd%it‘?"Iefgﬁ’ééq‘é‘[?@ﬁoéléa%@‘@?‘o'%%é'él s,
rotating sgf ?\]Y%rthgc&'ls%{{t Fréde VN @H%&g%l%&@uﬁ%'e@é réiflemBhS lf@tléthela@d a

varlety of COI’]StI’UC I ons as woul be apparent to a person of skil in
the arty i greher ag floecogm meckatdigiredshe dromuesilltseaca resubﬁtcnamgewomlnesmlsrhoul d

be effective for 30 novi l.igquid from | ect or, 38 to the
liquid di S{h,apb@@giegéran;??gmlﬁ%mg&gﬂg@#S\ﬁ%pqaﬁtg# ya&”g g t&?&% Wafalng 2, the
heat transfigg %Oggmvg c38let S Positioned substantl all'y outside of the

'hE'e
flow of air tlhgr the housing. That is, the air flows in through air
inlets 48 and ulastshmmghth@hmbaémnemeeﬁﬂﬁs Il apgd 2ttherp astde phieatigHor #e fumpye

el i m nat or air
S0, 15 Vet B0 er 3 e ATAB AT YRS T el h B St b Pl QPP MO
evapor g i Vehesidtidetienily ThéreiDeknsonetpotkaakl fbr kdmé portisnb$s tuam feak (ot ﬂyveat er

than the evaporative effjciency of typical coils used for hea nsfer
wor ki ng f 1 iverré gheng %rgunmqhé#Qé’r%rh@usmwaﬁwé@“mé@@yeg 465 PB4 Aﬁ%

addi tional ;3 Jrltlcﬁl%%g&etbla%o%(ﬂj ﬂ&wB rttﬁ@héﬁ?ﬁ%nstféradaﬁfﬁr mV\zp;BrléFe'?tg:df | ui d

conduit due to requirenents for either a 5 greater air flow, or an
i ncreased pir&gguteat, dhxe)qmnl widishel smbstamtladalyl € ast @fmplctlebnbut@xdap@t@tauvféowml er
than if the heat. trans mc?m I 03| tione subst antially outside of

the flow oP'd§r fo INPIgRSs fhR e ée“éY/a Blreﬁ’ LAURSSOEET As shown in the enbodi ment

of FIGYK 1 and Zhthghifels3staBesRANneRhémAtichRY adh berfed ofMURersPofited he top
surfaces of the coil as it noves fromthe air inlet areas inward and upward

to 10 t hedewnwarbksd ihaf air WW@W@d|t@ﬂewent0§b¢1’90L}§mgefﬁ§ti dawivardlydeforpsHpingn of

the angl e iesoar a0t e SRnL TR B R HRSZe 07 Pl

over the hpadwh IrNh&T stefiht, a@vrohno@enfeaﬁ@erm@hgear "Irﬁmglemiats 48tk beoi | wi | |
be substantially, if not conpletely, outside of flowi

i ncrease t heovederliineagicsf thy vertieal axals of Hlell\?és‘ﬁbﬁré‘?ss tﬁ@ ?‘Hﬁérta‘? war%ﬁaéﬁgg\&@ are
shown s¢ he[ﬁalgllf(ff 3l )yo%roﬁlﬁﬁ&ﬁ 165 1 tk@ Eh¥fre glraﬂh@Pé%ge ofdWmaaLidLy so that air

i s caused into ousing tirst downwardly before turning and
f1 owi ng upwar dl he awamgirrtelnemlustd@te&ﬁl F1GShérand @rfsoguelad ésanfow accetdnigoni@
inlets ar epositioned between the wet deck fill 26 and the heat transfer coil 32 to increase a flow
velocity of the falling liquid before that liquid contacts a surface of the heat transfer coil.
In the embodiment illustrated in FIGS. 1 and 2, this flow accelerator 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 will
provide an increase in the velocity of the liquid leaving 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

identical as those described above, a similar 100 series reference numeral is used to
12 -



known i ncluding straight, chevron, or serpentine passages. The air inlets
48 may be provided in each of the vertical walls of the housing, or |ess
than all wbhowheimwal | s (as shown 20 in FIG 10 ), or througautsot/erssthan
the entire circunference of the housing. The arrangenent illustrated in

FI GS. | n etween the
wet deck f? sﬁgn% e SQ%HQ%E t’?le Plr:%ng?&s:gitglé @femze th%ndl I%gﬁggg@ g%fopow vel ocity
of the fal kpelg'lclaiqudesdrlbed belew hatbdtamgiall g ac destabddsatmve withaespedftotthet heat
transfer coil. In the enbodinent illustrated in FIGS. 1 and 2, this flow
acceleratoﬂe@Sﬁbrises a vertical 25 spacing of a sufficient magnitude to
permt a signifirgaRts AGGEH AsebithIoy %whfg@néralwmd] ohadnlianGrect Ke@Mridi@ervet deck
fill 26 onto the heat transfer coil 32.” Preferably a di stance of

appr oxidrat gdction af b?élthICEmabrelt\@u@f) twnipaeqs apart pedigtibwetalscls fifl sesingply §1hdeer s)
or nore w|| | i awid Lng the
fill 126 O?ach v‘l?lF s%r?agggof r@&{ i %é?’lqulra é(ﬂr? Jﬁeqkﬁ)lgd &IXtrgpgog'gZ% gnef(’;'[OGg é‘)&%gﬁup to
15 feet pereﬂsiﬂcq)lﬁils(sﬂoﬁnﬂﬁit@Rﬁplwmnﬁﬂ@@’m@h cand i3dudod scofhalehrdal difodi ment
of an evaporative cool er embod the principles of the present invention
is shown sUNelet| éﬂﬁ‘FIWﬁtﬁ“l%’G‘kY be FioEed §n Hhtdip TERATEEIAPOSEE SKiEHePaln @
conponent tQ 4t i are
substantiaﬁﬁ@gﬁfgg§%+c 1t84fﬂﬁ%§i Sﬁggsgﬁgaﬁg&g%ghvgﬁgﬁﬁﬁkgEE?%@Eser|es

ref erette nuner ah airsmoeeg deice 128 MOro3d Qlces g scribed, /aUS@Z/ASLrVQ@Bectct@Qillggat e the

el ement and t.he.descr,i t he el.e dits function, if naqt

speci fi cal ?%?“a%éscm%'&ag \%@v@“d t%plgad@s‘f‘geﬁsaﬁ?ﬁ] Sta%ned%rgjcprre%éacﬁﬂya l}‘éagW oh
respect t onddb&hnstel WoRMg i ebRIvitS 132 lid tifskndoslob mﬁb@mﬂsah@fm@e@efaw y at
122 and a direct heat transfer 5 section at 124 ich may include two
spaced apaﬁfxbgui@smqm@poaewnn¢ngtoﬁmngmhgwﬁ*xﬁuﬁ) 126 each with a surface
for receiving | fir i_but,0 2

left fill 126 |£ S Kﬁ?gﬁk?pzh?§%?%q1ﬁ%ﬁ%éﬁggééﬁ?%ﬁbh |ncgé%ésgﬂsélond

identipmal fhelflill @ndthtWe ahd lbbnioﬁdﬂiatdepﬂham o 4 howsingl Id4kaclpsiayivaesison the two
remai ni ng opposi ng si des, ina four_ sided hou5|ng 1to 4 fill bodies
coul d be pemw@atsa)itl@wamrw%&qlw%ﬂ’bshts% trapgfengpib|32 MSUPIAY2 dedice 128

i's provi dethazg]cﬁjaf;&l i gdate}@agf/&r e SWiiis BRI COM | H%Qorr% ey w.at}pmvan@led at

130 and typic udes at [east one, and pre erab a pfurality of
heat transderh RGrdccmgied byltlnt cmm&spnntimgfem%n Thue, tﬂlchmtmtfanisfooq;ml b2 lwsial s in
one or a pI | i of s ations corresponding to the nunber of
bodi es. & WH@H fqhk&fated in FIGS. 3 and 4, the fill 126

occupi ﬁ’ﬁ S UbSt apkidaddribed ovieNthe fptdn! artd Skithe Mt aafstar A t32qBecahd pladapdd)y D3 of
a housing 134 encl osing various
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 area or about 40% to 70% of the first plan area.
Positioned 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
122.
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 arrangement, 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 large 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
213 -



conponents of the evaporative cooler 120. The heat transfer coil 132
occupies a width W and a depth D4, at |east one of which is smaller than
t he correwpangingz w dth WB and depth D3 occupi ed by the eamresspondsng fill
126. Thus, the heat transfer coil 132 has a snaller plan area than the
Fill 126. 2@y n@lﬁﬁ&&g PodisakeYPed bGP IR A RReOherdt MusiaR, theaBREREd COI |
132 (second plan area may be in the range of "about 20%to 90% of the pl an
area of thwateodyopldts wst dnopamdar &age of gibotyt t@BRdigoidgsOuaratdigedtiongopl an
area or abou¥1 40% to 70% of %Qel f{’(gst pl an area. Positioned between each
fill 126 aNihahe SbeaneaRoREdiaPKh nst er coil 132 is a liquid concentrator

section 136. A Maayiothef 8)pee6t 4F mbdthgidevieesand e tbdaotolllesecoht gppaterdtl owi ng
25 fromthe surface of the heat transfer coil 132. A ljquid recircul ating
mechaniSsm thabosesskiftegvin decprt @ deserihed proyvaousbat Aghi.ithaiPEche PRHEN 3\ d

col | ector -t 0 Ui i i . - i i ce 128 |
Col 1ot or ARG 15 4y e B SHE LA B BP0 Ren o MY B R 128 1
Zgjr ;gzn?f t ?U{S%d nifﬁxf\?/ or{gnhmgﬁﬁatéﬁffheé‘;lpr;ﬁ\brtg@dmiqh_th?éql{igulsdisngibglt@d. 122 .

e fill. suc at air s awn.into e housi ng .
over and t hr ougfhg Hirest eatlt%‘sfeﬁ Sea““@f‘déé-'sfslc fnah Hg’é‘f%éfﬁieg %3@??&\% ﬁialny

per pendi C%@% dn@ hetardnbRncal 13 eNARY Aburie td RYEide QG olRSiqa 1 FARenofill t he
fill 126, and to exit at a top of the housin t hrough a | arge openi ng 150

posi t i Bhedl2bolne trhes-flam arrangenteinsasaitl pstrageshie il GSwh peth4, typicaldy eyo Bl bpdies he

art to as i nduced draft cross-flow system there ;s also typicall

ot ovi ded - T 3HEE b TRRRF o BT brol e By R bR ED Y e
descri bed ahgy 8e ptdviddiCastdouftn@ersRin ivd. UBie'trbedanstdieot 0B anilyetke soadrar
droplets will drop, under force of gravity, to the liquid concentrator
section 13_®fm\ﬁ/ia§ ﬁe&Cﬁé%@bﬂé’ﬁ- non-evaporated |iquid. Many other types of air
movi ng devices ANt idEdoeh AT {0Mh Wil BRAATT ARRAL SBhpriskd! f dhose skilTed
in the art as desclribed previously. Agal n, the precise Eonstruction and

| ocat i ph f embbdimeat, bf aeivilegldheatt cempssingtloped waltsal G0 éxterldaignfgorn mipoeidtemt onl y

that the air is_ caused to flow over the surface of the fill .126. o whi ch
the |iqui dwpls of e hppaing P4 Wénwa%?xmsmg%?cwwgﬂ@f/éﬁe et framifer doligé' '

schenat i caip],ys ibh{ HSLiE IR ASnCRERII D6RE11¥e ditetRE by PREsifgAtwsaB8T 6% GO |
132 having a éur¥a e to réceive the cooled liquid fromthe fill 10 126.

a cross-f | tw saratlanglemert and, hiehta son@neated. nOFleGSru@urgn andiarrangpineats fgr t wo
fill bodies 126 and i.ndi rect . hea ransfer secti.ons 13 r rovi ded,
al t hough aC@ICH@HF*&l“éﬁ@Aﬁﬂ“’@é‘&Y '“gc%%?’dﬁ%‘éfsgﬁs{}f“c?%é’,"c%{’ée c u'ijﬁa%ﬁg)f go @)ﬁﬁan t wo.
The hegl t 52088, 8matlel plad Bréa TBYuFicHS) he hedtdtanste O BEiAs e sendliedilpkove.

apparent to those skilled in the art in addition to those previously described.

In

In the embodiment illustrated in FIGS. 3 and 4, the heat transfer coil 132 is
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 coil 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
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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A liquid concentrator section is illustrated at 136 and is conprised, in
this 15 enbodi nent, of a single elenent conprising sloped walls 160

ext endi ngwbriemotibe outer walls of the housing 134 and i nwamdisp2/in2a space
occupi ed by the heat transfer coil 132. Thus, any liquid falling fromthe

fill 126 w | be di vert y the sl oped. wall toward the smgl]er plan
area and, hence ANCHIEER ?‘Hf“éﬁtOfd“tfé(P %@W&Wf@ AEY18% thERyEHRY goaf

concentrat g%eﬁthﬁvémeﬁasdshmwsagenutem}t heobiif m@l Ahhdeg m &%ﬂnwev% the
body to the 20 second, snaller plan drea occupi ed by the heat transfer

wor ki ng f | aompcentiparts siinjlar tbehesappmlbcd ahayet Nﬂme slkinehtsdre substantialyt i n

addition to, tho ous odi nent i llustrated in
s, 3 andenney s oS pORbsLfERE A Tyt e BERB T VSIS Ty

out si des of dédignatd MW etment hind the @@@ﬁphb@oh@n@%leﬂ@m diiits fuSctidi€ nad dpecific@iws i n
through air inlets 148 and across through the body 126 to pass through the
drift 25 ePeserihed belowsts sabigansialy as ﬁecraqu Hhove wgthde%neetewi'z% elegedki t t hr ough

the openi ng 150rrh;fﬁa§s]gmanﬂq&£§mm.l SHoURIdALafly bl i dhreBfbaf @i | nCl udes

a fl ow accel er at osi ti oned en t e heat
t ransfer cmdtloﬁafzzzébwhmheaioducasa bad{ (wev deek 68iar yimpdy fitlhe2momth ewageceafoed

i quid before, th uid cantacts.a surface of the heat transfer coil as
descri bed §EGW€‘ ﬁopﬁpg?@ﬂgdﬁvﬂgﬁPriébain the heat transfer
coeffigpent U valug: ﬁanngaewe@m@fsqﬁomed Aldeb@ sl aBHR. Ohn Intte¥aSlindy
provi di ng a hi gher | oad at the indirect heat transfer section 130

than at t heec@pne&:mrohead at Ewéyplsdb{mdnd%zaﬂmt @@n@%mrp@mtxbna oturaliig of i qui d
bet ween th

d b h
Chrougn + nied farSEERoHRL O Rt 3 BE e B OP BB g 00 1500 ¢ T

PCT/ US02/ 17223 1d\Hetehthod mid® diuzended af m}s SVE@@@r eHei fME2 506 cepieesiRiialYy t he
principles of the present invention is shown schenatlcallﬁtat 220 in FI GS.

5 and 6 anthedBhprifibedSsad denth D3 fidimeing 294 epdosngargusof thategwogeys of bed
above. é’\“em% q%gg%%éco%ﬁé? z§b'b5r;1élﬂédt%ﬁah%er &o‘%'le{ktz'o%@u i dal;v'ihqg vAIgREL bhse

above, sim Seri es reference nunera designat'e the
el enent anﬂ)6t lcleabe sa¢ owhioh issfmadlleetheh elreaitrreapuehdirtgswidinetsi oxd depthridd

" eepect L ooVHHEAIEHEH 226 b e B R ke i G ehoua GRREPENTTy at

222 and a ghgeg%ihgagquﬁngfer section at 224 which includes a body (wet
deck fill or sinmply fill) 226 with a surface for receiving liquid fromthe
liquid distri but‘\crdem@ed mOVAnthamianrmva @fghdé%t¢I@n$3°2180d11523§r(§&d0dé@13a31f ea)

descr 05 BRONE 1 00 LARLISESRPL LI S55HE Bl R AT R
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 liquid collector 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 through a large opening 250 positioned above the
blower. In this arrangement, which is referred in the art to as a forced draft counterflow
system, there is also typically provided a drift eliminator 252. In the arrangement
illustrated, the collected water droplets will drop, under force of gravity, onto the body 226

with the other distributed liquid.
-15-



heat transfer working fluid conduits 232 in the formof loops or coils. In
the enbodinent illustrated in FIGS. 5 and 6, the fill 226 occupies

subst ant iwblogiootibe full wi dth Wo and depth D5 of a housi n@c2a%oznbosi ng
vari ous of the conponents of 15 the evaporative cool er 220. The heat
transfer coil 232 occupies a wdth W and a depth D6, at, | east one of
which is smal | eManysher fgpes of pIE SRHE dryIcRP a%dnﬁms logrgopept baBME RRPHFRd by

the fill Fz)fcgt#oy‘&lél’ledtih‘?hé@@% 3Js?r’i‘lgécéigj_’re\)@£ﬁs§%nﬂg§ih,%€‘ g%@g'dbﬁstr%%gorhﬁ?d a

smal | er area than the 11l \s descr i bed above, the plan area of
t he heat t temasdreforeimd dir @@Ringslerionds it antical abbein@ Inpartanbenliy what hiee aiasge of
about 20%to 90% of the plan_.area.of fill . (first. pl.an,area),, or about
3556 t o 8008 815q ey PS5t B SHtedp Rl 4 tio hoberkbE haBudt a BB, & oo
area. Positionedhbaidiyeiheah®arskdrlsectidf 2306k §dﬂ€1ﬂﬁt®@ﬂlytill1@ﬁ%fe@ras%@h?>riaag ats a
l'iquid concentrator section 236 which concentrates the liquid [eaving the
fill 226 phasironedeatiragiereei 233 havinghesurfeato feeging thercoplsd|liqpabirom the ki d
col | ector IS I | Qi j.ng from25 the surface
of the heat e SsPIRLRRPELL SRl AGEhs fo e O e s 01 &
provi ded to refuliquid bencha@itedsectionisdildstratadtan23¢ arglisdomptibelc irothis238 to t he

liquid distributor 222. The air noving device 228 is showm in FIGS. 5 and 6
as three bF’é‘&B&g‘e’Ehg’%?ﬁkﬁ‘g ¢ §lgneY CB@PB_&P% ﬁlé?%%weﬁ%& X o fhpie
openi ngs 2&%1196%&%%&%&’34 &éihg«ahfwgi @g)acggécuB%E%Wtﬁ{:ﬁeaft kﬂagsga%@lill%mh t hat

air is drawn into the housing 234 and over and through the fi 226 to
exit at a fops,ehy tihadidlisg frgnt the sliE26avill eglevented by e siGedpeaistic@riedattdbove

the blower,. In . this arrangenent, which is-referred in the art to.as a
forced dr attic UBURt e flsh NG N e coPshafides S OMRE Shydfires And I FuRsietd®s orif
el i m nat or c@RRntratihg!th€ liguit IBENEROm thé fitispaabrd octilfed ) HRGTIEG thekebnd,
droplets will drop, under force of gravity, onto the body 226 wth the

ot her di st pipllareden reupesupied g thajmadaapder rog vithe appaentto sipse piHgd Bt ther
types air . Ne) i i1 cations will becone apparent to
t hose gﬂ I F%é"rrlga/ndlttl e@{%&i’z""g@‘gﬁ'&? ?%gébéﬁj?evi ously. Again, the precise
construction anthe keadfement fllostritb@indi IGSTOMhdg atbevindeddsa flost acklerdtoal]0 i t

being inportant only that the air i.s caused _to f|ow over the surface of
the fill 2%%?&66%% therody rdiagditee %ﬁaéif’f“i'SBf‘dtV\éCHlFmsﬂP Gt e O heat
transfer sgcllfie 23w wlGGHSTRRd &ﬁhé&fudu]&d bstbleahfdi@AR SR ShRBcAbf tHeeast

one heat transfter coil 232"having a surface to receive the cooled liquid
from the fhédt tragdfér collvissleswibetdiaboveny t ake several forns as described above.

LR T N T I T s R e
from the oufi@sst 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 principles of the
present invention is shown schematically at 320 in FIGS. 7 and 8 and comprises several
component parts similar 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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10 wall's of the housing 234 and inwardly to a space occupied by the heat
transfer coil 232. Thus, any liquid falling fromthe fill 226 wll be

di vert ed wWo whel1st oped wal ls 260 toward the snmall er planprarasoant23 hence,
concentrated. O her structures and arrangenments for concentrating the

liquid moving fyomtLAS b %Eilﬂlsﬁﬂeﬁfneﬁlc%(?%lﬁmj%dthp)ﬁlltﬂ%_ L{cich‘gieé Quffiagcond,
smal | er plan area occupl ed y the heat transtef coil wll be apparent” to
t hose ski | thedull widthéV7 2d deftth DY efddiouisiog 384 evdiosie parews compynaesdithbed. The

arrangenment illustrated in FIGS. 5 apd 6 o include | ow accel er at or
270" Bos t PERBENECAREAh gty GBIEA R {HROHEES EPaR: WF ARERD P
condui t 23R,4Q)ne RE VAL @NidbRaifer fth@WhY 8b@&dpbNdiRE wWidiR VDR EGdth B fchiféPbe t hat
liquid contacts a surface of the heat transfer coil as described above. 20

I n thisS enthedilhaét , Thagathe heat eansfemgoit 332ws asmadet flpe preathan-thafillé26aksbe
i ncreased in __.at, l,.east,,on f t i di i QU oad
at the i ndij?ség ednaebé’tV g’ttp ) lglf’ gFea O\geﬁ(\:%,\?%ﬁtri’%ﬁerﬁogﬁfngtﬂaﬁlgongflg2’?? (%egg"lgﬂ ?lra lénsf er

section 224rehYmEPBE BIthe adnigd Bf AbolitEM% tR0% ofhiked pee Brek log tHewdll gaetplams, and
by increasin thoe velocity of liquid flow through the indirect heat
transfer se€d) 3% toBOXnefithefirst Risgdrsreat akout 40vody AP6rodthe arstBian &reenbodyi ng

the princi p!)sgéoarﬁ: tellfeen PEERR Y6 iaﬁ'd/ﬁl@thieﬁ)cr{rdn&e?@&mfﬁaqlﬁﬁlﬁci CHckitraddr 320 in

FIGS. 7 and conpri ses severa conponent parts s ar to these
descri bked sdotive336NhArieuel atlectos 338 B posibishettioi alles wargedtineidlfloagng Fose

descri bed gbove, a simlar 300 serjies reference nuneral, is u .to .

desi gnat e &ﬁéugf‘@rﬁﬁhg}éﬁ?&“ﬁ el pth lbwl%fecfrﬁ'élatéT%WEﬁ]fa“éﬁ%§ AF(?%S FovEed on

i f not spegfleAlte¥wathed tg61d s tREEQI cdifeciBIS anthe iyl As&riB@sessbhed above
with respect to that element. There is a li q]w d distributor shown

general |y at 32Anardnaving dedee fais showmst BIG. g6 athilasied 4an pasiangi éhoveibp udes

i qui 8 11 ol'erg  lirStmSi iR e lblss e ol Gty 3BT SR b &S5 1429 1
the enppdi aEO§uchlthdd Sirriad@dniiftofthéousinggdBd 8hd oveearidi thtougR 6heoRIC BP6 &8l to

substantially the full wdth W and depth D7 of a housing 334 encqleqc%si ng
vari ous coffibiferion obthetheasing (hipughng lage Qpsping 358 positiqrrd abexe therfamstneiniscoj |

332 occupi i : ol pas i i Il er

Shan_tner carafelieft bntth 8 hdp FefiRhCaitth o 0 idd-60SHC ARG G Eih IR

Thus, the teétcountartbivesystmi,|th&82 disstypicshimpiogideplaainifiagleainttoads:.himthel | 326.

As descri bed above,, the dol an area, of tge heat ransfed'
’Q"reecé’jl |

condui t 33FTIEERGAG!HFtEe eoted Water drprgia WilLdiga: Wi eéﬁ%é%%f%%@/g' itylcja IOSH% of
the plan anRaiei2d Weh tel dthdrfditgbuted Rjuidarea), 25%to 80%of the first plan
area, or about 40%to 70%of the first plan area. .
Many other types of air moving devices and their locations will become apparent
to those skilled in the art as described previously. Again, the precise construction and
location for the air moving device is not critical, it being important only that the air 1s
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 liquid concentrator section is illustrated 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-



Posi tioned between the fill 326 and the heat transfer coil 332 is a liquid
concentrator 10 section 336. Aliquid collector 338 is positioned to
col l ect vaormsadoiiBnuid flow ng from the surface of the heactiusansfes coil
332. Aliquid recirculating mechanism 340 is provided to return the warned
liquid fromthe liquid collector 338 to the |iquid di stri?utor 322. An air
novi ng devPipe 332 8xtendigg dipughthevall 3p9adirepah aryen §n UpBePHFIoNRYS Ahee t he
fLl1 326 S RTihfR driBlibr S8 ShicAREIAGERs 3 Bpali PO b Aghsind (o ioYs! N
15 6 suc t

334 bel ow the that air is drawn into the housing 334 and

over and t leaottie distebiftdr 3808 ZBheamdzieporogienings 382 tmap befspaded ahovesthadieathr ough a

| ar ge openi ng .350 positi.oned ove e fan. In this. arrangenent, ichis
referred iHa‘?SIg%r e ‘“@J{Lﬁgc%ndé& é’-wtfé]:'%fga OP%tﬁéﬁ‘érﬁ‘tt tlbefl'%gf%%?ﬁslg&%draft
count erg | oynfy SKeSRTu 808 ghavitdhs @ dbaiRl Galokiy BY @scded gredbiidly. Thé Mymat or
352. In the arrangenent 1llustrated, the collected water droplets wll

drop, undemay glsedesprayeciottaf thepazales ppopenengs3BR usde sufttdent peeserée also
distributed |iqujd. n . N Vi VhGe (M
ocati ons. el SbiEssleRy sEhdiontd D8 Bl amblng REh W uB B2 2R kB 2 00
previ ousl ymeRgapdr,setdid) pr @ots ePrefernudly arcintedconanctor boaptid Bowfpath ddies ai r

Vi OuS ymetagy LT P T Fremnily arci P or bATALD fwInah Gk &l
o o e srauma il skt P ke T epRYYank Canis B Seh 8o Mok
di stri byt egds) 2, 588 sb Dk Eﬁ}g%arﬁﬁah iff 130$4EE o5 F t LD 1B3thd 4 leasmemtﬂhe ally

illustrated as conpri sing | east one heat transfer coil 332 having a
sur f ace t oliqedebliecterhis 8omobedquadliged. dStheomit diffiduitl tb op&2&. bothpuhpoar of fl ui d

t hrough the coi|l 332 could,be arranged as previously described. In this

enbodi ment PreEReEly 4l See Resd s RIPEPiede BBora LtEeTe LR i B8 Nousi ng
part and tRghbndid 8GhatGROLdIMH l&gﬁ& fom B8@11336hvanatedoid itosiRPA{ad € housi ng
part, separated by 30 a wall 369 which, although illustrated as a comon

wal | bet weeellectns 3880 mbuwithgheaenmer ligeddaihios figen derheesriranated cethaurfags. housi ng

ld b ' 4~ ol
Crevat Fons. A1 ogiear oo LSRR T 708 s ARZbAS RS M LS oe

conpri sed pbsiforded Gubdantialy loatidend tity f@w 37 2ir tiwoughomk @dudinguticht isakid aig from
the fill 326. This liquid is drawn into a -{é? WO 03/001132 PCT/ US02/ 17223
pi pe 374 elpwnin hgoughayuglets 1S andiup thiggh ther hﬁ%t&%&h‘gr 5 IGH 1B not her

pi pe 378 apg i ] j (4t th SR URTic 389 WGhnhASH DRZHeRRe @500Peni ngs
382 for caglgrphda%%gglaj{l%g%‘%q}egdl I(Ea){z]alvgtdtg\ﬁ(ca di strixbutor°380. ‘Ighegnozzl es or
openi ngs 382 mafhberraproedt dlosvaed mFlbSal and B alssfiedudws rklavgaddeleratocdidui t

by & ST Aot TR Lo PR Lok e LWL S oy eeeler s R vpder e,
liquid nmayr@ks8nReapRhY GHuidWefd?é tHahRqN@Z8MEE:s B suPRRIYT MShe3 B ankiéteoil
sufficient pressure to al so o
as described above. Here the flow accelerator 370 may comprise the pump 376, piping
374, and nozzles 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  at least 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 two 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 in 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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increase the velocity of the liquid a desired anount, such as up to 9.5
feet per second (2.9 neters per second) or nore. Preferably an

i nt erconrwotosmomsB2 | i quid fl ow path exists between the |i qardisoniizexti ng
area 372 for the cooled liquid fromthe fill 326 and the liquid 10
collector 338 so that any variation in flow rates out of the collecting
area 372 aME{HAIMASODURINVENTION38 can be equalized. Since it is
difficult to operate both punps at precisely the sane speed, it is
preferable to operate the recirculating punp at a slightly higher rate so
that the cool edi] i quiag a‘vamﬁ‘k@ccj‘oﬁdrlcoﬁ@ﬁsm@j | flow over into the liquid
collector 338 to mx with the warner liquid falling fromthe heat transfer
coi | surface. 18ligHididigribetBBdi ment illustrated in FIGS. 7 and 8, the heat
t r ansf coil 3 i it i i the air
t hr ougﬁgt he hougigﬁg?haﬁrgb Flhs%t% %gé g?cr%tp%'%c?\?\ﬁ;sljs?/%gtﬂ%I?%g(grhrgg?{rnng HF%??F%S and
up t hr oughsdithéiqhidldistBREot oveapasd stifaceugbstéttallgthrbtighaelt sarl fiagttan36&;, and past

the air noving device 328 to exit t rough t he q,g\%:li.n‘g 350. The arrangenent
i lustrated in B @smoyingdeviceqriagesd o gsngates 4998 4bcel erator 370 20

posi tioned betwega bbiesdriadch bSidh pasitlofdian REatIdW anef &1d KRl flowdLak Qausinga
accelerate a flow velocity of the non-evaporated |iquid before that 1iquid
contacts asmall petienef saith&iquidaeca vesihyrsard kasiy|to egapogaedherpeicedlvgd. Here t he
fl ow accel erat.or . may conprise the punp 376, piping 374, and nozzles
382 angq: Fet é‘gagz)?g'r?gg bet ween the nozzles 382 and the coil 332. In this
enbodi nent, agak heattth@sfeeabriingfsitieondgedsitiinedtutldtantibile ovtaide e siid closased
in 25 at |least one of two s, by, providing hi gher liquid |oad at the

| ndi rect hebar prchisga seseed PR 2eeaGlivRayPne SRR FE Pl sFRef or
section 324 by fatePRoRd |chfllitha ARt A& RRCE BBt 15 &kivens. and
by i ncreasing tﬁ%ggg{{g&ﬁ%y 019 Iulléqﬁ'lﬁg c%)ﬁ%uv]vt r ough trC]e i?\dél@raect heat

t ransf er sedtstantiallydsll pStheppaled hituifl poridnhfeorh eaid poiy thesqeer i alaat wansfarhe

i nventjon i??i suscepti bl e af, .. 30, bei.ng enbodied with various alterations and

modi fi Eat i BIRIGRAMBAC MM S AgPAdRAHOT yl arly  from those that have been

described in thgighRCRHEN bR AfrhhdGehRstnaRd QS ahdl Biill BBart thinsfeB WOkLifly be
understood that we wish to enbody within the scope of the patent warranted
her eon al | flsidcdondwitifc ¢angeritenibe saad coadedslonvad portign dropt spe firsy plaarmecaintoniard t he
scope of oyr. . ¢9 tribution to the art. -18 WD 03/001132 PCT/ US02/ 17223 WE
CLAI M AS OUR°T R8N 1. An evaporative cooler conprising: a liquid
distributor; 5 aligedytolastbingringsditd @EcvanbsQaGAIRYIINGS the fNafaéd Pdad pafta for
receiving Liquid from ) ) _

20 © from said heat transfer working fluid conduit; and

a liquid recirculating mechanism arranged to return said warmed hquid portion to

said liquid distributor.

2. An evaporative cooler according to claim 1, wherein said liquid collector

25  comprises an open pan.

3. An evaporative cooler according to claim 1, wherein said liquid collector

comprises a pipe.

30 4. An evaporative cooler according to claim 1, wherein said liquid

recirculating mechanism comprises a pump.
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said liquid distributor over said surface substantially throughout said
first plan area, an air noving device arranged to generate a flow of air;
sai d bodyweuwsbeanas2 bei ng positioned in said flow of air ana#czaisdziizesv of air
causing a snmall portion of said liquid received by said body to evaporate,
t her eby cool i ng5a 10Amnevaparatinge qotdriaceurdiag heabin i anbdrein sadligundydikiributbr
conduit positioned ubstanti?lly outside of said flow of air and having a
second pl afPaPeses 4t RN OPBART Sal | er than said first plan area, said heat
transfer working fluid conduit having a surface arranged to receive
substantially all of the cooled liquid portion fromsaid body thereover in
a heat transfer6. 15 Aslexepasakive gootes agearding & eaim duyveerpiorseiddiquicdisirbytad
concenty at or_arrange en i y and said heat transfer working
fluid c%ndﬁ?'?prfsgsg%ﬁ%g%grd\ﬁ “‘dséﬁ?séadﬁ"ceg’g ed liquid portion fromsaid first
plan area into said second plan area; a liquid collector arranged to
receive substantially all of the warnmed |iquid portjon 20 from sai.d heat
transfer workind fluP@ SarRIaie cogted a%lcqr‘ihaﬁit(dd?‘é’gilf‘ff reinisAlY Gady samPEsss a
arranged tQ.fgidirdy said warned |iquid portion to said liquid distributor.
2. An evaporative cooler according to claiml1, wherein said |liquid
collector 25 conprises an open pan. 3. An evaporative cooler according to
claim whereig saiq ligquid.collector .conprises a pipe..30 4. An.
evaporative coofer a oervg?c?{émfeoco(? ¥ ia?ﬁoi‘,jm%nge)?%ﬁn}l s‘ﬁ?%elﬁisﬁﬂﬁ@dyrcgg F&ti%t i ng
mechani sm GaaPsf wfgcally RifidRted sA&t WRtPRI001132 PCT/ US02/ 17223 5. An
evaporative cooler according to claiml, wherein said liquid distributor
conprises at |east one nozzle. 6. An evaporative cooler according to claim

1, wherein said .l : QUIAq e@é?&rﬁfi\beuéo%’er agco(f&)lqgéd 3G § \Qﬁérgiﬂrs esaﬁét'lﬂéﬂerqals.
passageway. 7. An evaporative cooler according to clarm1l, ereln said
body conpr agae®neplanaet deck fill. 10 8. An evaporative cooler according to
claim}l, wherein said body conprises a stack of vertically oriented sheet
materials. 9. An evaporative cooler according to claim8, wherein said

sheet materials)y  Ap evaporative cooler according to claim 1, wherein said air moving device

comprises a fan.

11. An evaporative cooler according to claim 1, wherein said air moving device

20 comprises a blower.

12.  An evaporative cooler according to claim 1, wherein said heat transfer

working fluid conduit comprises at least one pipe coil.

25 13. An evaporative cooler according to claim 1, wherein said heat transfer

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

14. An evaporative cooler according to claim 1, including a flow accelerator
positioned between said body and said heat transfer working fluid conduit to accelerate a
30 flow velocity of said non-evaporated liquid by at least 9.5 feet/second (2.9

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

15. An evaporative cooler according to claim 1, wherein said heat transfer

working fluid conduit is positioned vertically below said body.
=20 -



are non-planar. 15 10. An evaporative cooler according to claim1, wherein
said air noving device conprises a fan. 11. An evaporative cooler

accor di ngwom3ebaBdm 1, wherein said air noving device 20 @OTISYER2A

bl ower. 12. An evaporative cooler according to claim11, wherein said heat

transfer working fluid conduit conprises at |east one pipe coil. 25 13. An
evaporati ve cool er accordi ng to claim1, wherei n said heat transfer

working fluid condwt 03|t|ondco IeteI %75|de of dflo¥vof air.
14. An evapor at ilfe cc‘?’cS‘Ieé(F1 YT ROl aeePr 'I“&lt‘l’nc C‘V'ﬂfd?‘ﬂéa'zﬁ?f‘totv\?”s er

accel erat ORNorBH%hmc%%mbf‘stgﬁ@@éa b%?dx@sé?@gb{dﬁ&da&ﬁ't g 108204 IHARBSE 81 meriki ng
fluid conduit to accelerate'a 30 flow velocity of said non-evaporated

liquid by at |east 9.5 feet/second (2 9 nmeters/second) before contacting
sai d heat transfer rkin Uld evapor

accor dlﬁg to cl és mnvﬁ%’%?%ra Vs CO rﬁe% a'flgé(gglf%ém Wﬁgf m%'dftfe&&g%csgerﬁdwt IS
posi ti onedweekihg €lald sonbei Ckvp@moded)mbfallyﬂ@m\éﬁd(lﬁ#dWllSZ PCT/ Us02/ 17223 16.
An evaporative cool er according to claim15, wherein said heat transfer

wor king fluid conduit is spaced bel ow said body by about at |east 24 inches
(61 meters). 5;47. A Sfer GOl 36 eQfi NGhdrGinGhid ulg wherein

sai d heat trans er f’xﬁm? U‘% éon JI&itgl S p(;sl ti onrelé] eﬁal ly fromsaid
body. 18. Amaeuaaior atmmsesangled waldcextelidmg e sphed bntwenmgt mcty ?slmsaildlhequi d
concent r at or r| ses, an wal | s extending in a space between said body
and sa§ h&4ps er1 Ortkl"ﬁnf%”f‘gg %g‘l‘tkl ng fluid conduit. 19. An evaporative cool er
according to claiml1l, wherein said liquid concentrator conprises air
inlets for said air noving device arranged in a space between said body
and sai d heat tdansf e\mwepmahge ¢dolar acemstiagite clams 1 p@herpin Sé\i‘alpfb‘r*%tl ve cool er
according to [ i ). iquid
col |l ector g?ncgﬁgatar fdmprrtlasgelgl\gtlann lgtgggtgglcfaw ﬁg‘fm% %F% %5&’-%@ ed(f A\}Zgg)%tr“g%eéd

li quid fromlac’abdy bedlyai dReht erahdfepuiverkitigstuid b@ﬁdmrt arr anged to di spense
substantially all of the non-evaporated liquid onto said heat transfer

wor Ki nb5_fl uid conduit 20 at substantially the sane rate as it is received
fromsaid body. 5 An evaporative cooler according to claim 1, wherein said liquid
concentrator comprises 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 transfer working fluid conduit

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

21. An evaporative cooler according to claim |, 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 a flow of said liquid over said surface of said body.

25
22. An evaporative cooler according to claim 1, wherein said air moving 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
body.
30
23.  Anevaporative cooler according to claim 1, wherein said second plan area

is in the range of about 20% to 90% of said first plan area.
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21. An evaporative cooler according to claim1l1, wherein said air noving
device 1is arranged to generate said flow of air over said surface of said
body i n awdimdmeciiBon counter to a direction of a flow of eardidoz/aquesl over
said surface of said body. 25 22. An evaporative cooler according to claim
1, wherein said air noving device is arranged to generate said flow of air
over said surfadé of Asgivdpdratye ¢avles ag¢arding itoplaing ibskerpmnisald spcqnsk paneicaul ar

L 2 el R e L PR3} Sl PE PRl urface of sai g body. 30

1S atcor 1 Wher ein said second pl an

area is in thezs anganca‘vap&ewe aﬁ%rtaeccﬁ&%{gw claimh d, Wharsin spidasacardgdan ar2zd WO
03/001132 PCT/ US02/ 17223 evaporativ cool er according to claim1,
wher ei n saisdndkscignge ﬁﬂ%h‘?%?% to go("rpftsﬁg Y BFL about 25% to 80% of said
first pfan area. 25. An evaporative cooler according to claim1, wherein
said second plan area is in the range of about 40%to 70% of said first
plan area. 5 2626An éwnapepaniiveccbolaesordiog 6o dh'nlgl,t\@harbiaismdlheawnwéﬁrn said

heat transfer rkl fluid condui sse Ly with an

i et pos: PRGHEHTHE Sk SuTefiet & ol af 2Rt P57 of 4l oo BRRETE i uER be

directed i gich tﬁﬁ'adlqurﬂ Qorltify flhidWak pwalredtyd ey Qhkﬂhleﬁ@ﬂdwﬁ%arcﬂﬂﬂ&ﬂbély,

exchanglng heat ene@gy through walls of said coil assenbl said 10
/3

cool ed | | qﬁﬁldl cpibpEse pman@na berheaergy yhronsl wallse! sai @doqsswlu Withgaidy
wor Ki n ?$c95d7ﬁ‘5\% pgpdo% ddv{lH% gom&/%ﬁdﬂgthyeg{/% thJ)(gl s&?ﬁ' l¥qiumgrk€\%ehulh hipugh

said ou n-evaporative cool er accor relh said
heat transﬁzﬁd llqu\ﬂl’vk(brhglgfﬂwldi oilt exiclsHid c@bﬁmu@ealdamleul assenbly with an

inlet positioned above an outlet 15 such that a gaseous working fluid can
be directed into said inlet to fl ow dowmnwardly through said coil assenbly,

exchangi ng heat , ?ner%évaem&gmmér%céﬁrdﬁgwcngm RRSEMRLM hed drihspai d

cooled liquid portion fl ng downwar d hereover to condense sai d gaseous
wor ki ng f | wiodkihg flaid dogduitl corapuises a|cd11mmembbgwfth ai chletiflositiened atgaiedn @otltt
t hr oug

di stri E%Jt glf‘gc %Ic?géﬁsgfgt\??gs Angﬁ‘:‘lcfgaé’r % r(?"t&géﬁﬁ%r“ i “ff Q%W%‘ﬁarodll'yea f or

receiving tHrQﬁl%lﬁsafcf&m asSéhly] &@HArhikl Sdat brwg}oﬂqrwgarwaﬂaldﬂ s&UIchAGSsembly
substanti al | hr oughout sald first plan area,
w1t 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

20 28. An evaporative cooler comprising:
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;
an air moving device arranged to generate a flow of air;

25 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 fluid conduit positioned vertically below said body and
having a second plan area dimensioned smaller than said first plan area;

30 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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an air noving device arranged to generate a flow of air, 25 said body
surface being positioned in said flow of air and said flow of air causing a
smal | porwpen/oefi3said |iquid received by said body to evapomraise/1tber eby
cooling a remaining portion; a heat transfer working fluid conduit

posi tioned vert atighidyobednoatos arranded dytvesed saidawidngndisase beat drapsfanwarkesg

di nensioneq smaller than said fjrs l an, area; .30 said heat transfer
working fl HP@ ©BAE O COREIALHE %?ldsiﬂ‘#l%(@équ 4 PUHgR Y Ol"bsatl%g@f 9@” ARIRECHG al 1y

al | of thescopgfAnltaaui d portion fromsaid body thereover in a heat
transfer relationship to warmsaid |liquid portion, -22 WO 03/001132

PCT/ US02/ 17223 aéiquidgallertenaged wtieeei v slngaiip! yetl \efdhe warmedisnyd aadiosai d
heat transfer worKi id NGl oncentrate said cooled liquid

porti onsaf rom sl dhant?%'{Shceglwaor{El% g‘[éd"ﬁ; %(%ngugainl second plan area; a liquid

col | ector arrangéguidaediebitivig nsdshatigntirahded takdtuof saidnearmwrdrigdid partibalto
portion 5 fromsajid heat transfer working fluid conduit; and a liquid

reci rcul at pHg ipeidissiiiPar r anged to return said warned liquid portion to
said liquid distributor. 29. An evaporative cool er according to claim 28,
wherein said heat transfer 10 working fluid conduit is positioned
substantial |y oR9. of Asavapdrative evbleainecordog torglaiovapovherédiv eaid bedtgranaiscor di ng
to clajm 28, .i.ncluding,a, flow.accel erator, siti.oned hetween said body and
sai d hLd;t pogeg Pl(a\ﬁBgQ‘i“ﬁlj Wfﬁpﬁecg%ﬁﬁtﬁwan[yo ugc?l(r:%ﬁ“gﬁg‘fveot%&m flow velocity of
said cooled liquid portion by at |least 9.5 feet/second (2.9 neters/second)
15 before contacting said heat transfer working fluid conduit. 31. An
evapor ative cooB@r comsvipdraige cogler pepordingicselpinp2y, dncluding adlipwhasselsepter
surface for_recei.yi iguind fr [ I, QLA Iy St J - L.r, JOVi ng
device arr g%sg';té%qefi \c{))eg%r?lérs % é’ggy f ?%]svﬁ(gh gazftilnlr"l gécﬂellgej‘ygllskzrﬁdﬂ lﬁg§§£(jsudr 8 eaa?%lg}]%{fi d

fl ow of ai flowarkicitg ofissdraddlediguid @ortivh tsait teakt Qi fdet/secidu@d bytessbatobd)dy t o
evaporate _thereby cool i_ng a remaining portion; a heat transfer working
fluid b%ndh?fpreaqqngwa%w% pak dansfer workaneeiiif sPPdpital | of the cooled Iiquid
portion fromsaid body in a heat transfer relationship to warmsaid

remai ning 25 portion; a flow accel erator positioned between said body and
sai d heat transBer wAnkivagprative cooler comprising:

a liquid distributor;

a body having a surface for receiving liquid from said liquid distributor;

20 an air moving device arranged to generate a flow of air over said body surface, 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 fluid conduit arranged to receive substantially all of the
cooled liquid portion from said body in a heat transfer relationship to warm said remaining

25  portion,

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 least 9.5 feet
per second (2.9 meters per second) before contacting a surface of said heat transfer
working fluid conduit;

30 a liquid collector positioned to receive substantially all of the warmed liquid
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.
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fluid conduit to accelerate a flow velocity of said cooled liquid portion
by at least 9.5 feet per second (2.9 neters per second) before contacting
a surfacewofo3maild2z heat transfer working fluid conduit; 3@ca/usogwi2ds

col l ector positioned to receive substantially all of the warned liquid
portion fromsaid surface of said heat transfer working fluid conduit; a
liquid recirculating nechanism and |iquid passageways connecting said

| iquid reservoi sai Wo [ hanl s BN RTe BV

i stributor. - 23vo 63 SR e ST BS, i ST AR shidithaceeiepaor
accor di ng tempiises an 3pdn pletnem @ositissedobetwenw satideldgraat caid heatrntpmsee svoaingpen
pl enum pos'hti oned between said body and said heat transfer working fluid
condui t. 5188 CORAUILy aporative cool er according to claim31l, wherein said
fl ow acgel erator conprises a punp and spray nozzle system 34. An
evaporative cool er according to claim3 1, wherein said heat transfer 10
wor ki ng flui d cdhdui Anieyaperaiivd enelal ageshdinaia Flaim y1.ovhes¢idsaidfflovapageleraw of
air. 35. An_evaporative er a rding to claim 31, wherein said body has
a surfacec%lﬁﬁrl%ég@b‘l‘né)sa‘ng%g%alysl}ozglgg%sqgﬁ'ea for receiving liquid fromsaid
liquid distributor over said surface substantially throughout said first

pl an area, said heat transfer working fluid 15 conduit has a second plan
area di mensi oned%smaANEYAPHARVSHIOPr AEGsEing fyfaigy 4 wlhiegein seid dgptiganster| i qui d

concentg at orﬁﬁ% ANREDBEE %itﬁ)ﬂ&fisﬁgﬁ}{tieﬁ Rahdo et ndw apafer working

fluid conduit To concent sald non-evaporated ltquid fromsaid first
plan area into said second plan area. 20 36. An evaporative cool er

conprising: a ljquid distributor; a bo for, receiving |igui rom said

e g i e e RedilA otes derbha ke Ltred b n ek sy B o Cai
across sai g,/pRE¥nd 88dupidslaGWst hn dleh f&abbsemggzﬁqlﬁawdm PRI 1ih @A ddiris@bdoldrqui d
recei ved by said bodé/%to evaporate thereby 25 cooling a renai ning portion;

a heat trapad surfageskbsigntiallyithioughvatisaid frst aligaeea; ppid hekd wranafeaworkipaided
posi ti relative to said body.to caus i l.eq: Liquid portiaon leaving
From siia B S «sieedt el ab@r B Lo aR i funf L0t bERelgs
f eet / second ligRidTonEdntatr aaanged)between said body and said heat transfer working fluid
conduit to concentrate said non-evaporated liquid from said first plan area into said second

plan area.

20 36. An evaporative cooler comprising:

a liquid distributor;

a body for receiving liquid from said liquid distributor;

an air moving device arranged to generate a flow of air across said body, said flow
of air causing a small portion of said liquid received by said body to evaporate thereby

25  cooling a remaining portion;

a heat transfer working fluid conduit arranged in a downwardly spaced position
relative to said body to cause said cooled liquid portion leaving from said body to
accelerate under 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;

30 a liquid collector positioned to receive substantially all liquid from said surface of
said heat transfer working fluid conduit;

a liquid recirculating mechanism; and

liquid conduits connecting said liquid reservoir, said recirculating mechanism and

said liquid distributor.
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before contacting a surface of said heat transfer working fluid conduit; 30
a liquid collector positioned to receive substantially all liquid fromsaid
surface oWoosmod3heat transfer working fluid conduit; a |iPquiu$02/17223
recircul ati ng mechani sm and |iquid conduits connecting said liquid
reservoir, said recirculating nechanismand said liquid distributor. -24
WO 03/001132 PCT/ US02/ 17223 37. An evaporative cooler according to claim
36 pherein sai §7healldanshte i skafighl b AafiR 96U Aerbif sBRASHR QORSE:
substantially out of sal low of air. 5 38. An evaporative cool er

accor di ng tworldhailmd3®nduih ermisitioped shbisadyalhasut ®f sadiflbacef aanmd occupi es a
first plan area for receiving liquid fromsaid |iquid distributor over

said surface substantially throughout said first plan area, said heat
transfes workinggfl Uiag evaporativg cddBs adccv8i@Q M6 clRindB6 A RdeidisARNDdO Masa smal | er
than said first plan area and including _a liquid concentrator arranged

bet ween sapuifasodpd aerppinsiadimierlen eiea fyfreseiviag kiwg franypadd liguidstidiibytor gver
concentrate_.sai [Ho[NY! rti i.d.f] r | L. sai d
cecond | pi ShS SiaceGuSeuial SRR kBB ki B SR edd hl flnG0, BLARLILE TT
steps of. dimlétrabs B@edondipipn denditmensiosdd fnaatler dfanaaiddyt pdresrea and mickhdbedy

occupies a first plan 15 area; flow ng air oyer ,said body surfage to

ef fect an BlEpEreanFeraty aga@%@lqet‘ﬁ?ﬁ“tsﬁ%rp%‘ﬁ’ angé‘i‘eiﬁtd[ﬁ“ﬂfgf W@ﬁ%ﬁ%/ﬁﬁ'éol ing a
remai niMg EQN o L ; : 1 Sia - DOLL: sai d
i d e S o B R P PP SRR PRl

sai d heat phansfaer working fluid conduit 20 occupies a second plan area

smal ler than said first plan area; flowing the working fluid through said
heat transfer working fluid conduit to transfer heat from said working

fluid to said ceol ed Ap@kthb@Bf 8dolmaiadvérkiidi fRid GorMidihSedtepp@rt i ON;
collecting said warnmed |iquid portion fromsaid exterior surface of said
heat 25 transf éispewsing nlgauid anie acwrdes of abrdlyreidreip ghidtbody osaipieselinerian

l'i qui dlfporarieg.n onto said body, said steps all occurring within a single
housi ng” of "ar’ evaporative cooler. 40. A nethod according to claim 39,
wher ei n sai d he@bwingadisdesr swdblodngurfdcyitel effed anevdporaionmif atsaiatigwriion ah ar ea

substantially free of an air flow B 30
X liquid thereby coo%ng a rem\é\{ning portion;

sal
dispensing and concentrating said cooled portion of said liquid onto a surface of a
heat transfer working fluid conduit wherein said heat transfer working fluid conduit
20  occupies a second plan area smaller than said first plan 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

25  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.

40. A method according to claim 39, wherein said heat transfer working fluid
conduit is maintained in an area substantially free of an air flow.
30
41. A method according to claim 39, wherein a velocity of said cooled liquid
portion is increased by at least 9.5 feet per second (2.9 meters per second) from when it

leaves the surface of said body until it contacts said heat transfer working fluid conduit.
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41. A nethod according to claim39, wherein a velocity of said cool ed
liquid portion is increased by at least 9.5 feet per second (2.9 neters
per secorap oBoormsmhen it | eaves the surface of said bodypamtuisozit22gont acts
said heat transfer working fluid conduit. -25 WD 03/001132 PCT/ US02/ 17223

42. A met hod of 4g00! iandedoWor kbdaigfal worlling Iid EsthprgsindeSteppsfof  di spensing
aliquid onto a surface of a body; flowing air over said body surface to
ef fect an evapodiapénsimnedt liquid patola yyolees of BdY; sai d |iquid thereby cooling a

remai ning portign; .5 At ' L of .6 e d-to a
T 19 POr 1l PG KRR s 1 APLS S ROLLARNL B i
directing sad tighidghérdbpedading aembiatg mitien;heat transfer working fluid

conduit; flow ng the workj | uid through.said heat trapsfer rking fluid
conduipstp tra%§ﬁ5¥mﬁ§éﬁ“ﬂg@kps%FHOWBE%EQBQWF6?6VF_C%ﬁPﬁ“dﬁET%ﬁ éS?%?on_of
sai d |iquidfagyas nfh@t@fsg)er 30RO drlgUectiiR daREHQNG oRR LuMBESTEL hdafthakrgor tion

fromsaid exterror surface of sald heat ~ transfer working fluid conduit and
reci r cul at mogkis@fldidwaondeitt |1i quid portion onto said body. 15 43. A nethod

according to clgim42, wherein said heat. .transfer working fluid. conduit is
i nt ai ned i n afOR g HPEE S Py B bl Fo op RSl WIS Fuetnduic &
transfer heat from said working fluid to said cooled portion of said liquid to warm said
10 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.

15 43. A method according to claim 42, wherein said heat transfer working fluid

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