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DIRECT FORCED DRAFT FLUID COOLER/COOLING TOWER AND
LIQUID COLLECTOR THEREFOR

This application claims the benefit U.S. Provisional Application Nos.
61/208,995 filed March 3, 2009; 61/217,822, filed June 5, 2009; and 61/270,723

filed July 13, 2009, the disclosures of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[6001] The present invention relates generally to direct forced draft flmd
coolers/closed loop cooling towers and/or compact cooling towers and more
particularly to an improved air diffusing water drainage collection system for

such coolers and towers.

DESCRIPTION OF THE PRIOR ART
[0002] Conventional types of industrial cooling towers include so-called
counterflow towers wherein water or other liquid falls or is sprayed downward in
the tower counter flow to air moving upwardly in the tower, in the opposite
direction. Such systems are used for a variety of applications including water air
scrubbers, dust collection equipment, air cooling towers, evaporative coolers,

fluid coolers or closed loop cooling towers, evaporative condensers or the like.



2 Typically such industrial cooling towers are quite large and permanent installations which include
very large bottom sumps to collect the falling water. [0003] Some relativelg small towers for such

purposes havd BE&W' b vhich are transportable, for various applicatiorI; TSR YEERal rooftop

towers. For example, U.S. Patent Nos. 5,227,095 and 5,487,531 issued to Harold D. Curtis, disclose
individual modular towers of a size that can be readily transported, prefabricated at a factory, and then
easily assembled at a field site to provide the capacity required by the particular water/liquid cooling or

reatment project at e Siiethe sysiamadiaelesed b Cuils Baiseiadaye a fan or fans for
0}

supplying air to the fower located in the bottom of the tower befow the fill, evaporative cooling media,

or liquid cooling coll§2FAtens e eh IR USRS L IR SRREPE- RS T8 RRAET HELa NERHTE are referred to
generally as direct f@exdLiraitenuntbriionlcooling dower $ulpo4d hAnrdikerwiadeiahtype of direct

forced draft counte&fa{gggog%gl_it:q%@;,ov\%%ygi ngég%m fans is 9&?&1‘?58‘@0' LatentNo. 5,545,356. [0005]

Each of these systems uses a large water or liquid collection basin, sump or reservoir to collect and

contain the circulatigaier folParnsYste i 2P HES &S oF Stips ardaipldd Wity large because

they have to containepeughiliquid Kueharasthe Sysieaninchding aliigsepciated piping. Because the

process liquid (often, put,nt always, water) n. inese systems vl serdb the alt-and gollect airborne
particles, such partrl’c?es Will Settle outin the lt:)asms, umps Or reservoirs w i€h then have to be
periodically cleanedzaavitthieqiareebychematofliRyuidiay hedgeeding dubspaeknéiaisethbihdisposed of In

essence, such basigs, §yRs@ndJieasveirsiecome sRlsedimenthasinsuspiahdasins are

maintenance intense and require workers tq enter znd work in a conf'iHed st%ace_ to perform cleaning.

At the same time tRY [3F§8 OSIIHISSHIBUNS RLBHHIA FQUFe RIREF ! EheRiest Y& atment rather than
disposal, further addirigrg¢oredstMareovetintheoilolUinefafdipuid dir suchl systemsigteatly increases the

weight of the systep. andfhus Increasas fqeftaniqading: [Q00Rl naddiipndo, he.iasues of

sedimentation, liquid volume and disposal, previously proposed tower systems have not adequately
addressed the prolSRHPEfaNeEiffusion by their respective liquid collection systems. Generally, cooling
[0604] Another modular type of direct forced draft counterflow cooling tower

with bottom fans is disclosed in Patent No. 5,545,356.

[0005] Each of these systems uses a large water or liguid collection basin, sump
ot reservoir to collect and contain the circulating water for the system. These
basins or sumps are typically very large because they have to contain enough
liquid to charge the system, including all associated piping. Because the process
Hquid (often, but not always, water) in these systems will scrub the air and collect
airborne particles, such particles will seftle out in the basins, sumps or reservoirs
which then have to be periodically cleaned and the large volume of liquid in the
system dumped, cleaned or disposed of. In essence, such basins, sumps and
reservoirs become internal sediment basins. Such basins are maintenance intense
and require workers to enter and work in a confined space to perform cleaning.
At the same time the large volume of liquid itself may require water or chemical
treatment rather than disposal, further adding to costs. Moreover, the volume of
liguid in such systerns greatly increases the weight of the system and thus
increases rooftop loading.

[3006] In addition to the issues of sedimentation, liquid volume and disposal,
previously proposed tower systems have not adequately addressed the problem of

air diffusion by their respective liquid collection systems. Generally, cooling



3 tower (or other forms of towers like fluid coolers) efficiency is determined by how well the upflowing
air is mixed with the downcoming liquid. The fans & such systems are, of course, round and the air is
not evenly distributed across the tower media or elements since the fans do not deliver a balanced air
flow. Thus, for example, in the systems disclosed in U.S. Patent Nos. 5,227,095 and 5,487,531 a
plurality of pataitel étanghtedealiectionplateslardlusedori¢he kifiiidenoliestdetetmchedrésloped and
overlap. Thes}%&,'a&,%ﬁ"{ﬂ‘gt ifﬁwt block off, a'g( flgw {1‘: H;e g/all areas of thei(tio [ dScI%use the air to

: ; 5) g 7 owncoming i . Ihe
enter the fill media, or heat Bx%ﬁéeaﬁuﬁ‘a Cooler coils above It, Ipaﬁancb e which %rces much of the

air to one sidewththestowener hbusingg, Indeddrithdseagollestibaveldied srétpicatip sutworted in the
tower housinqot%y transverse ?,qugr%t mn%@ﬁler% or %Iate§ %&%@M%Q@?& gréli

L Thedid Or ¢ ans 'do no ﬂg@lrﬂ!l ersion throggh
them and preven’? Ié’fera?glspersmn of air between them. These Tactors significantly affect the quality

and dispersiofvoof ¢chargitcenterithg thgstowerdndatuds nedudes PagrmaNoerfdidziht@Sofatie tower.
OBJECTS OFk VENTI 100071 It is an abject-of the invention to_provi n improved
transportable Sd]oigﬂ:%sg O%Aﬁgllrnéaﬁ(yo? fﬁﬁgljggio Z?n %%?nglfﬂ%%oéllpx%gsﬂ%? 8%‘?3321%1 gﬁ tehéqilr%%ntion is to
provide an impsbvedrawidiffuser sinpeliqend colteletioTsystariafer lisetinforeebldekftfoeling towers and
fluid coolers whigh ncreases Berlormanes And Iaducea MAINIENANSE goste: AP9RA fyther object of
the invention iSto provide fow profile, transportable cooling towers and/or fluid coolers with a liquid
collection systewnt thabrege fesdicpitbtcads abdve Bystemaagtt fabilifafosceloanivigodtit@idiquid
replacement. SUMMARY THE INVENTION {001 mbodiments of the. pres .'g ntion seek to
provide a Iothrgﬁfe?fé%r%%g?tg%\fg%ggﬁﬁg Stlél\%ie{rrslgaeﬁ /E}? Ui ég?)%f:éc?g/ llélsgesd{%o%%éoiﬁ%g towers
which includesaprevedwatdrdiguidicbtiesiog/hir diffuserssystenviboated el ovepdriesovimdre fans in the

base of the toyer faupiny e Jau collesior ot e dveniioniapaslioned helpu e fil media n the
tower or the heat transfer coils of the Hiuid cooler. Tt collects substantial y all of the.liquid flowing
through air between them. These factors significantly affect the quality and dispersion of

the air entering the tower and thus reduces thermal performance of the tower.

-OBJECTS OF THE INVENTION

[0007] It is an object of the invention to provide an improved transportable
cooling tower and/or fluid cooler system.

[0008] Another object of the invention is to provide an improved air diffuser and
liquid collection system for use in forced draft cooling towers and fluid coolers
which increases performance and reduces maintenance costs.

[00G9] A further object of the invention is to provide low profile, transportable
cooling towers and/or fluid coolers with a liquid collection system that reduces

liquid loads in the system and facilitates cleaning and/or liquid replacement.

SUMMARY OF THE INVENTION
[0010] Embodiments of the present invention seek to provide a low profile,
transportable cooling towers and/or fluid coolers/closed loop cooling towers
which include a novel water/liquid collector/air diffuser system located above
one or more fans in the base of the tower housing. The hquid collector of the
invention is positioned below the fill media in the tower or the heat transfer coils

of the fluid cooler. It collects substantially all of the liquid flowing through



4 the fill or heat transfer coils and directs the same to an internal gutter, or gutters, which supply the
collected liquid to an external collection tank from which the liquid is returned to the top of the tower.
The liquid collector is also constructed to diffuse air from the fans across the width of the tower through
its support structure so that air flow through the fill media or heat transfer coils is uniform. [0011] In
accordance witk gilathaeembhadimesiiobildedprese tidnusrtipnaitietonappotie (anspattable cooling
towers and/or fluid coolers have an external water/liquid collection tank yhich hogj a relatively low
Volime of Ui ISRe Ty 51 DRe TS A SR B B SORoIb TRy U2 accordance
with a further kqobbtimentnel thetheaspnifinve rioar aThategliduid ibalectorabndcaitsdifttsér for use in a
low profile transportable copling tower and/or fluid cooé ris.provided which is formed from a plurality of
elongated v oF U UHAREH ALSTI S AEed OGS S B GShe LRARERS AERILH i a pluraity
of layers. Thestrotghs d0 gachilaflewatierafigetifeofill thediowghean thedfyersiabovaidsdelow it to
capture substppiialy all downfiowing liguidh n e (oweri9 prowide substantally 4003 complete
wet/dry barrier between the Till media or heal exchanger and the'fans while"producing a unifoim
diffusion of aipfafivingramparciyle]Ofd3inkhecwater/lindrick cAltedtiotosystemyef embodimeaits of the
present invention can be utilized in ipment sych as water air, scfubbers, dust collection equipment,
Cooling towerd AL YA Louiars Ul BOBTEre dngior s SoncERcr S uRE Sty Bitibment tht

utilizes water btanyligifneffitics tordsehibbingasiBamingsiy etapdeatire:cooling. Although the system is

described for ith low profile transportable cooli wers apd/or fluid coolers, the collector/air
ciepersion sy SR et R TNy B oy R MG o E R Y Bntlona bottom
sumps and basits/ 0@l clladditiendoatoltéffiagr atbofite downeomprgfiiguichttzeditptitt collection .
system provides a low-pressure means for the air to.flow vertically up between the liguid collection
ovighs and i{ T COBEa A B A o B e e e e A bt arc
strategically pesitigmed! Yowliféchapai defersd thpaipiovwinghainic dnfiancerelsdimaiciemn ¢hrough the fill
media or heat exchanger. The structure of the, collectar allows air to flow laterally.throygh 5 its support
system to uni%rfﬁ}/l‘f/gd}gp%égf %yaﬁ%seré'rea gsjqé) b qﬁscﬁ‘nmeélrc(ﬁ1 éﬁ‘?@%ﬁf %i?%%q%%nmhi)%ure,
significantly inpe@¥indnthier mgkpeateyvanandelofithe heapoxchangemoriipalihddewewimaddition,
previously proposed. liquid collectors have a significant pre dro ross the collector panels.
Embodments b e ke KRBT G L R r ey S B o LAcd PR AE existing
technology. ThisweithftithgH imexBase thetraadipadormante dithevhdapexdidngerwr ©ooling tower.
Moreover, the LI%ISd (r:lo(;l clop System %]j atrrgﬁ ;F)resent invention can be produced much more
economically ?han the presen? tecﬁnglogy. hese advantages are achieved regardless of where the
collected watdf{d Bitiflate by dnclogmikorcobntaive dsy80h5 joA seanteslitb af tthe Stithetures aft embodiments
of the present venian the 43 ol sumes, asines areseniolrs helow,And around fhg botom fans of
the towers can'be ellmlnatea,t ere yfu%lgr re u0|ngaﬁ1eahe|g t and weight o the Towers. This also
reduces the cegtighmatnutacturingdRewnitsydpaaatiigopthersitiliratiorraflars e xterpalalitygid collection
tank laterally of {he fan.or fans feduces the.amipynt efprocessiouid peeded n (g sysiem as
compared to conven ional arranéemqe Sin which collections basin areybeigw(%he ans. With
embodiments sofihkipgeskatingentierpotytsiefiodntdiquithco ghtirg eytitensystrabelpgiovide sufficient
pump head to prevep! the,Pyump flom,caviialing ispeeded. [a016} Wilizing ihe iguid cpllection/air
diffuser system of em odiménts of the present invention with forced draft air systems containing fans
mounted in theobettonrof detomersprevidesiseyersidadvdintagelype of system, including

those having conventional bottom sumps and basins.

[6014] In addition to collecting all of the downcoming liquid the liquid
collection system provides a low-pressure means for the air to flow vertically up
between the liquid collection troughs and into the cooling media or fluid cooler
coil system. The channel forming troughs are strategically positioned to direct
and defuse the upflowing air to enhance even airflow through the fill media or

heat exchanger. The structure of the collector allows air to flow laterally through



[0017] First, the fans operate outside of the wetted air system and below the tower structure which
thus protects the fans from the natural elements. This feature greatly reduces fan maintenance cost
and extends the fans' serviceable life. Also, the fans are accessible and can be serviced and/or
removed from below the unit without the need for service personnel to enter the environmentally
unfriendly wettedsappas ofkhenequipméntn hiditpatueethll atsolyieatiyates ucermaintaaance cost and

not expose seryice personnel to any unnecessary health risks. [0018]. Second, by fagilitating the use of
bottom-mountee%gl (‘\fiaer% %Hetonqé%ﬁ%or?“a%truilhefaﬁ%% O%L?:\E/“‘}({elFIIl A ré’i‘r’%%%ﬁrrﬁnckgen% Oenrl:lsa%ggllorﬁltlfnlgted because
the liquid 6 calectierksysiem diffussisihesywliowing aiditivadditiontble heightweiithiggaguipment will be
reduced becau%\ the é)l%num chambetr ang air intake Ié)uver have bﬁlen eliwin ted. Thcf air then is
drawn from b&fow & eql?i‘f)emgntsllrg%éc%ac "Betveen the r%%ﬁsosp oregr(%ﬁn%c &VePahdthe fans. This
reduction in thgnfteiditang ofehghirofdhiei egpnponewiivit fucthée nedscearizop tactorngrahipping and
hoisting cost. th 191 .Tthirdt b ttop-moHPted.ﬁ?r}l? re much more eff'&cien than eith?rﬂtlop or side
mounted fans. eeﬁxﬁé%ge Arfiovrinto éss‘abare O With & round faritis %ﬂ%\lﬁ%en&ng% make sure
the cooling madia bashadequateesichpnierm afflowwcoydradepulhedicsuppliectto tdwkes having top or
side mounted fans must turn from orizocrjlalal ta vertical immediate%cpcﬁorttﬁ) er}téar(iarf%? the cooling media
and does not BITt&r the Bottomn of the hedia unifor y.%%% FELLITNSTES e Rrdtdd “With
bottom-mountedhfaris@ir iEhtigestedrimiie ependpace betweaBesthefgrdune dreraolioptddvels and the
fan. The air maktes its ?tO d ec'lreg turpd’;\s it enters the fans. That air flows laterally inward under the
tower and tend& 10 MOV towar 11{%%%&%@9%%8 ill material. In conventional systems that type of air
flow tends to ¢6@afy Avaideantturittibleesiperinretarsfofithedoaling tdwer pidusnisicumiropabito the difficulty
that the air encoun%ers inm king the r}iGneng cliresg{)e %Jrgnf om Iat(ar?llugn]g)(t)it (r)lngo é/vgﬁdtﬁnotion. Further,
the fans of indticed drarticoo fir?(f:] owers are near the center of the towers and thus all of the air flow
tends to funnebtowsarchitbe: cdmtén0édhehfittmediahwithdembpdimérigiof thé pregentintention, the fans
provide a very yigoroiss lagt of 4 against ine Wnder,side ofthe fauid collectol and thedil or heat
exchange coils above it,’In eftect creating a pressurize pfenuign 6 that relative y uniform dispersal of
the upwardly fitving@irdas qoroxicded] Thus! tivd battomanolanted! farStiedduce famardweficient air to
liquid mixture gignificantly improving theymal perforpance. [0020] In addition, warm air normally rises
vertically. Thist%r?a%nr%]f%%néf:&g) can rgeq%ﬁiirlﬁszdegag {0 incré Sitglréi?ﬁoc\]/?/né |CF£}&?T88§&T%% liquid
collection systemrgferattsdimehtshofdhecprescmsinvertingids dimdasion€diteodotiimealisof the

downcoming li 'id from th[e. fower and directs the Iiﬂuiqdir}toc%utt%rsfhpositipned é)d: one. or two sidewalls

01 the present mvenfion only suthicient bgu ¢ systepl angd provide - .
of the tower orqiﬂ)us ng.QFhe gurt]ters areycf;osea on one ena an%%ause Pﬁe ﬁ%]UI gﬁOW In one direction
intothe 7  sufficient pump head to prevent the pump from cavitating is needed.

[0016] Utilizing the liquid collection/air diffuser system of embodiments of the
present invention with forced draft air systems containing fans mounted in the
bottom of the towers provides several advantages.

[6017} First, the fans operate outside of the wetted air system and below the
tower structure which thus protects the fans from the natural elements. This
feature greatly reduces fan maintenance cost and extends the fans' serviceable
life. Also, the fans are accessible and can be serviced and/or removed from
below the unit without the need for service personnel to enter the
environmentally unfriendly wetted areas of the equipment. This feature will also
greatly reduce maintenance cost and not expose service personnel to any
unnecessary health risks.

{0018] Second, by facilitating the use of bottom-mounted fans the need for air

intake fouvers and air plenum chambers is eliminated because the liquid



external tank positioned at one end of the unit. The external collection tank of the invention is also
advantageous as it allows complete elimination of the water basin or reservoir located beneath the
equipment as used in all water cooled equipment. Because these basins collect the downcoming water
or liquid, airborne contaminants in the liquid collect and settle into the basins. These basins then must
be periodicallydileatied andearedffigaifidantpiddnenance dostdihbasins migttatdothraintain a

certain vertical depth of liguid as to assyre adeqyate pump head, so that cavitation of the pumps will
not occur. [OO%E&WM JH9,22.8,25941& AT RUID 3 ?aa(

& external tank fias & four-sided sfbpeop or conica sﬁlgplena ﬁsig%“%rm that creates
a small-definédrepaeenatiisiraryd oitamuiSthediit ahevothonadteivor thgquisitipmendebrisavill settle into
that small portion o%tfle sloptt%d bottom of the tagkI This arRroguc§s sey, Irall_cgst é&\{ip Renefits. [0023]
First, becausé St the €lifation of the 855‘%?‘%% Cost 6i'e eéﬁin%n?he asin |%Ccomp e%er eliminated.
Thus debris cheigie pudgedi ftomfilie: batigm efthait diebtio ncthde witihheacailvegnshippmgdic basis
either manual%)r/@ au%omatictally. The debris can be disposed of through a standard drainpipe or by
other means. fAthe &vehtthat additional cleaning of the collection tank is required it is easily
accessible byjopejrithing tastkohdmihmiadtmaticpurgthgnodthe flanktotbisposkeoftspdiments
eliminates the need to enter th nfined spaces of the equipment to clean and eliminates any
(nnecessary NEBTR HECA Bhv S h BE ot A e L MU IR Tota
Second, the ediglieabrgllectiosktankronhe recplires @ stinihnamdamotn taofl liopiithte cligige the system.
This feature greatly reduces the weight in the equipment as compared with.conventignal basins. As
noted above S8 TaA Sty T B v R L o e Tdelan only & fow
gallons of liquitbarehowpessirty toepirgarthecslstam aocompaiketh ppthevdndéohy of gilansl with
conventional haging, 100254, Athird, adyaptage provided rough the yse gfthe liguid collection system
of embodimenits of the présent invention as contras edo%nggrounéﬁievel caich basin'is that a much
lower pump h&édkbfbothenpummisd dauirad toiretertedhe titpitbto tredigbidvdistrithetipowystem. The
pump need effectively OPA\Y?Q{ S Enm%]ﬂeea% %ﬂ?ést?ﬁ%d Eferge”%@énbgévi’te%ﬁ‘té?setﬁéevat'0“ of the
upper level of%qw wihin the “Btank and the elevation of the dIStibution pipe. Conventional systems
on the other héanel rilist proflidesd perdpyhesdidomdbetyecondiers snvdhichrlek Gatendbasin is
located all the way up to hﬁé eollost extent of the tower where, the liquid distributjon .system is
located. The 5%%%%%58 t:/\t/ clé@ ?nn&%ltegg ‘p)fr%\ﬁa e‘é?%f/ofﬁ%vs Sgegfn%%%ﬁ%sfgn 151%5/%/“{5% c}g only a few
feet, thus greatlycredecingiteguined punppimg ctepatifye Thidiig aovegoibmics sheing pddrtthe operator of
the tower as com d,to gconventional induced draft towers. 1002 %As ill be.a ciated from the
atove diseus e e e B e & B e e vention
provide manymadizantagesvas ¢empare d tothedutedidra it Coulverd olna v ated cgptingerswers which are
now most commanly used in industry.. 7].First mere.is m%ordaQV%t%%?ti rei%uced initial
construction c%esafrsq(ij};e tﬁ%n?re]%aulaF %%Y{grgudéq%% e e w?iﬁlaﬁoaﬁrof??hwe V\?atser%asllln, the louver and the
overall height thethensirudttire filheydits 'Gdin behwdfabrisaté thovhesassthentypicabsiferisuilt induced
draft counterflow cggliang towers can

provi ery Vigorous 08kt of air against the under side of the liquid collector
and the fill or heat exchange coils above it, in effect creating a pressurized
plenum so that relatively uniform dispersal of the upwardly flowing air is
provided. Thus the bottom-mounted fans produce a more efficient air to liquid
mixture significantly improving thermal performance.

[0020] In addition, warm air normally rises vertically. This natural energy can be
optimized to increase airflow efficiency.

[0021] The liquid collection system of embodiments of the present invention is
dimensioned to contain all of the downcoming liquid from the tower and directs
the liquid into gutters positioned on one or two sidewalls of the tower or housing.
The gutters are closed on one end and cause the liquid to flow in one direction

into the



[0028] Second, accessibility to the fan units is very easy since the space below the fans is open
allowing them to be accessed from below. [0029] Third, the fan units of embodiments of the present
invention cause a very turbulent impacting on the air which flows upward in the water collector and
through the fill material or heat transfer coils thus causing a better distribution of the air and better

cooling as the:gitdibulehthoimpacts water Sevitelown thTikgkk ibe dDwelkedthis isglortfasted in
induced draftfchoo,ling towers where the air flow is in T\ rather | inz#, fashion.;%(%ag]“?nother
ina

advantage is &t PR ERRIEHE IR GERERTE P At AT SOBP e H TER & 8fded draft mode

rather than insuinduset diatlimudetdiurhirahakin gdhpdashyery wesadoahesdfillematetial or heat

transfer coils reduces fungtional flow pressure losses of the air again improving fan. efficiency. 8a

10030a]in onc ASEREYS S He VT eRI, HERSTS BHovINPS A T5Pad tha Uit cooler

comprising a hipbstig, Aeaiaxchangder ediosi saltthousingdalccantaitindasfitst lWsid to be cooled

for use outsidg the flﬂid cooler, Ii%uid %jst 'butLon n;ler%gcg located ahove said heat exchanger means for
FExCHARGE

distributing a S&UBRdARRCSh SakFHe S SoStERTEARY SAUBRATYtEYHavitates
downwardly thiesi¢hasaidheat sixehangerimeanstdan veerns paiedfbkiond andibemnsaih said heat

exchanger means for blowiré%aér dir ctléa?ﬁward%[prou h the tpaat exchanger means to cause
evaporative cBOFHY B RERP SB5638 fﬁf\ﬁi SRS h R BIAR AL IfbiEcithe heat exchanger means; a
water collectignoany aedétusanmaanidn saidieidsihgibelawinediedt ¢xglhangey hee@as including a

plurality of layers of separate watel. troughs for collecting the second.liquid falling from said heat

exchanger maHS T dBHL 17 B BFSat 1 S D S S AP B AL ther 1

provide air paRgagebdietwiebridheaih @nitlietagHateraly pifsaifrombhel timdobstitnihel ldeers above or

below it where%%si'd troughs capture, substantial allpc%f the downflowing second liquid in the tower
if

and produce & It HiffG8I5R BF Gph 3?8????89\%96%‘? éaving the water collection and air diffuser
means and erf@i3g Saict Heat:exchdngerssaithiraugbs eachRaving:atdeast afemipeniend; and gutter

means in said_hausing for receiving said ond,liguid from the at Jeast ope open end of the troughs.
100300111 andLE FesaB S T DR BRGSO RO AN BE ARG i cooler
comprising a bolisinign et exdhangbremeansciiosidcbhdu sitigefan saninmaatdirsiticulid to be cooled
for use outside.the, fluid cooler, liquid disiribution means located above said heat exchanger means for
distibuting a SHEGHTRS F CHEPREAs bUERARDA HEANE SRR CRU eiirof iy tates
downwardly thieughsattdnedti@kehdndeninganSiiarcoliearisiaeaked hejmivainid bensdth said heat

exchanger means far.blpwing air djrectly u ag%l through the heat exchanger means to cause
evaporative cOOTT B s GS08e T thEoby 6 C0BT e YL uid THhE R Xeftanger; @ water
collection andodiscdiffuaes rlgainsies sedchbatising teelbw tchefhedtsprctanitreragapsmiactiuding a plurality
of layers of seaarate v&at rtrout%hs for coIIectingther-ls% ond Jiquid fallin fror;r[1 aid heat exchanger

: can and’ clupmates any Ganecessary hea risk rgnvironmen ztxﬁ exposure - )
means, said troughs’in each of Said layers being spaced laterally rrom each other to provide air
passages betwaenithehwahdibeing! laferdilyaffset from the troughs in the layers above or below it
whereby [0024] Second, the external collection tank only requires a minimum amount of
liquid to charge the system. This feature greatly reduces the weight in the
equipment as compared with conventional basins. As noted above this liquid
must be periodically disposed of and with the tank of the invention only a few
gallons of liquid are necessary to purge the system as compared to hundreds of
gallons with conventional basins.
[0025] A third advantage provided through the use of the liquid collection system
of embodiments of the present invention as contrasted to a ground level catch
basin is that a much lower pump head for the pump is required to return the liquid
to the hiquid distribution system. The pump need effectively only provide a pump
head equal to the differential between the elevation of the upper level of liquid

within the



8b said troughs capture substantially all of the downwardly flowing second liquid in the tower and
produce a unifolin diffusion of upwardly flowing airéeaving said water collection and air diffuser means
and entering said heat exchanger; said troughs each having at least one open end; gutter means in
said housing for receiving said second liquid from the at least one open end of the troughs; an external
liquid collectingniaakdiieaszadjasettbaid obsing opeeCriving said seeantk liguitidftohesaid gutter
means; and pump means connected ta said tank and to said liquid djstribution means for pumping said
second quuidp}i‘ THE R SALHRA & ffﬁ’fﬂié&e éﬁ‘g Pfé eﬁjﬁl%ﬁlﬁércg et t tr?e pr%sgnt
invention, thege iscateyigiedna wateugaliegionapehadifiusingodeiicertasusadit ebeollgiiowers and fluid
coolers comprjsing a plurality of Jayers c ining a plurality af Jongitudinally extending separate
rough for CONBEAHE TALAERPETG 0T BboUEARETEGH. VAIG B e PRI R Beimg spaced
laterally from paeh othgetprpsavidevair paskagds hewedrthemsanddigingdiadaraliyficet from the
troughs above or below them with.the troughs in at least some alternate Iag/ rs being in generally
vertical alignrRSRUIH GRENOMHER 5ot FRUIN & S8 MavIRg LGRS e UK R afid at least a
pair of trough ssppaddpiaesiriciohabibavied dpeningsrtherein for receiving said troughs; said support
late structur eing longitudinally spaced from each other along the lengths.of the troughs and said
Houighs beingl REATIVAB ThdntaB i G BB RGO ALES S S HE A S Santial ai o
the liquid fallingfresrfiabovedeentraifghs entintifiuse A nifairaly Whendeavingthie dexice. f0030d]In

th t.of th ti tion, [ ided t ling t isi
nousing, an cOAHBFARS EoSTRE Bet HIBTHESS T Sat KOG R HBLATBHEFA SR Nocated above

said evaporatire sowlingspadiiaidistrilkeding thdigidcson. said evaporative cooling pad so that said liquid

gravitates do through said evaporative cooling pad; fan.means located below and beneath
said evapora}wg@;o iﬁﬁt’pg'g%ﬁ)llsof‘o{ﬁﬁ% Kk F?V |r§%ﬁ§/ lﬁ’pg\?gfl ydtﬁ%%;ghc?ﬁéhéu\%ﬁgrgﬂ%(g ((:%oling pad
thereby to coahsaith&iitan wdte daelteclien-tindrait difiusdrenveaasbastaidhadusing betbidhe

evaporative cooling, pad including a plurality gf layers of separate liguid collecting troughs for collecting
the liquid falliy T8 Ao Ap e U 58Ting 530 A58 oL T LS sl e Being spaced
laterally from eggtubthtertidipiovidedilrpihssagesti8e betliegnothemandbeing laterally offset from the
troughs in lay ?gt ughs above or below it wherehy said troughs capture substantially all of the
downtiowing T kS R S SRS (AT ST o SIErF RRtagr i Taawing the
water collectiaheaagdsai shfusibmieathsand ienseckgedaich helatlexchanger; said troughs each having at

east one opery oyt A gter means 1 sadHousing o ecelving said Jauid fom the gt leastone
open end of tr?% go gﬁg.o%éﬁfﬁnlﬁl%usmmaryﬂ e wgt%r ccﬁf’e%lﬁon system, when ttiiZedin water
operated equipmaidnDiterachiagyoeosicsaiinghieattiressaspuetidamefiminatingdodatitvianddsafety risk
associated Wit[ﬁr\(l)vuag rtﬁg%il nrgl%{gmia Cgf‘ igeg:transfer coils thus causing a better distribution of

the air and better cooling as the air turbulently impacts water flowing down

through the tower. This is contrasted in induced draft cooling towers where the

air flow is in a rather laminar fashion.

[0030] Another advantage 1s that fan efficiency in general is greatly improved

when using a fan in a forced draft mode rather than in a induced draft mode.

Further, having the fan very close to the fill material or heat transfer coils reduces

functional flow pressure losses of the air again improving fan efficiency.



Increased thermal performance Reduced energy consumption WO 2010/110980PCT/US2010/024929
9 Reduced water volume and water weight in the gguipment Reduced water and chemical
requirements Reduced maintenance and increased equipment longevity Reduced equipment weight
Elimination of air intake louvers Elimination of plenum chamber Reduced structural height of
equipment  [0030a] In one aspect of the present invention, there is provided a direct

forced draft fluid cooler comprising a housing, heat exchanger means in said
housing for containing a first liquid to be cooled for use outside the fluid cooler,
liquid distribution means located above said heat exchanger means for
distributing a second liquid on said heat exchanger means so that said second
liquid gravitates downwardly through said heat exchanger means; fan means
located below and beneath said heat exchanger means for blowing air directly
upwardly through the heat exchanger means to cause evaporative cooling of said
second liquid thereby to cool the first liquid in the heat exchanger means; a water
collection and air diffuser means in said housing below the heat exchanger means
including a plurality of layers of separate water troughs for collecting the second
liguid falling from said heat exchanger means, said troughs in each of said layers
being spaced laterally from each other to provide air passages between them and
being laterally offset from the troughs in the layers above or below it whereby
said troughs capture substantially all of the downflowing second liquid in the
tower and produce a uniform diffusion of upwardly flowing air leaving the water
collection and air diffuser means and entering said heat exchanger; said froughs
each having at least one open end; and gutter means in said housing for receiving
said second liquid from the at least one open end of the troughs.

[6030bj In another aspect of the present invention, there is provided a
direct forced draft fluid cooler comprising a housing, heat exchanger means m
said housing for containing a first liquid to be cooled for use outside the fluid
cooler, liquid distribution means located above said heat exchanger means for
distributing a second liquid on said heat exchanger means so that said second
liquid gravitates downwardly through said heat exchanger means; fan means
located below and beneath said heat exchanger means for blowing air directly
upwardly through the heat exchanger means to cause evaporative cooling of said
second liquid thereby to cool the first liquid in the heat exchanger; a water
collection and air diffuser means in said housing below the heat exchanger means
including a plurality of layers of separate water troughs for collecting the second
liguid falling from said heat exchanger means, said troughs in each of said layers
being spaced laterally from each other to provide air passages between them and

being laterally offset from the troughs in the layers above or below it whereby



Elimination of basin Reduced manufacturing cost Removal of fan equipment from wetted exhaust air
stream Self-cleaning water sump Elimination of pymp cavitations Environmentally friendly Elimination
of need to enter the wetted area to service a basin or fans [0032] The above and other objects,
features and advantages of the present invention will be apparent to those skilled in the art from the
following detailed ﬁ@@g&ﬁh@ﬁ@h@%iﬂu&f@tﬁ@z@mmdimeats;vﬁln@mfyvﬂwmgaeomqnjufmon with the
accompanyin rawmgs her in. BRIEF DE PTION OF T RAWINGS [0033] Figure 1 is a
perspective vidf SFE iy tPf8 § ArdRTATI ¢ PI(‘:(S’ St 3f QCBRIER AN Hipresent

invention; [0034}driguretiis aesitiaielemaiipnahyiew awdtibeisidewalhemeyvethn@bthedidvention as
shown in Flguroug'hs each having at least one open end; gutter means in said housing for
receiving said second liquid from the at least one open end of the troughs; an
external liquid collecting tank means adjacent said housing for receiving said
second liquid from said gutter means; and pump means connected to said tank
and to said liquid distribution means for pumping said second liquid from the
tank to the liquid distribution means.

[¢030c] In another aspect of the present invention, there is provided a
water collector and air diffusing device for use in cooling towers and fluid
coolers comprising a plurality of layers containing a plurality of longitodinally
extending separate troughs for collecting liquid falling from above the troughs,
said troughs in said layers being spaced laterally from each other to provide air
passages between them and being laterally offset from the troughs above or
below them with the troughs in at least some alternate layers being in generally
vertical alignment with one another; said troughs each having at least one open
end; and at least a pair of trough support plate structures having openings therein
for receiving said troughs; said support plate structures being longitudinally
spaced from each other along the lengths of the troughs and said troughs being
removably mounted in said openings, whereby said troughs capture substantially
all of the liquid falling from above the troughs and diffuse air uniformly when
leaving the device.

[0030d] In another aspect of the present invention, there is provided a
compact cooling tower comprising a housing, an evaporative cooling pad
mounted in said housing, liquid distribution means located above said
evaporative cooling pad for distributing a liquid on said evaporative cooling pad
so that said liquid gravitates downwardly through said evaporative cooling pad;
fan means located below and beneath said evaporative cooling pad for blowing
air directly upwardly through the evaporative cooling pad thereby to cool said air;
a water collection and air diffuser means in said housing below the evaporative
cooling pad including a plurality of layers of separate liquid collecting troughs
for collecting the liquid falling from said evaporative cooling pad, said troughs in

each of said layers being spaced laterally from each other to provide air passages



[0035] Figure 3 is a sectional view taken along line 3-3 of Figure 2; [0036] Figure 4 is a sectional view
similar to Figure 3 of another embodiment of the gygsent invention providing an evaporative cooling
tower; [0037] Figure 5 is a perspective view of one section of a water collector made in accordance
with the present invention; [0038] Figure 6 is an enlarged perspective view of one of the water troughs
used in the calleeiamofieiguradsShaile) 2Q11 10980 FET UB2 00482 %6 §00B38pRigare 7 is a

T L o Yl o TR g et i e
section showrddwkiuven ;{04 nFibure ®ds anlgnddiew0hithfsoppdisiate fakemadbng line 9-9 of
Figure 8; flowing air leaving the water collection and air diffusion means and entering said
heat exchanger; said troughs each having at least one open end; and gutter means
in said housing for receiving said liquid from the at least one open end of the
troughs.
[0031] In summary, the water collection system, when utilized in water operated
equipment, offers many cost saving features as well as eliminating health and
safety risk associated with water equipment including:

Increased thermal performance

Reduced energy consumption



[0042] Figure 10 is an end view of a second embodiment of support plates showing two plates mated

together, [004é’}J &is()gure 11 is a schematic end view of one section of the water coIJection system

3] F >
showing the r e Hgfﬁﬂ?@f the water troughs to gach other and the air f%%lﬁg%ﬁls‘] 2‘(“=,9r2e9through; [0044]

Figure 12 is a partial perspective view similar to Figure 5 of a water collection system according to
another embodiment of the invention; [0045] Figure 13 is a schematic end view similar to Figure 11 of
the relationship of the troughs of the Figure 12 embodiment to one another and the air flow paths

therethrough; [0046] Figlﬁ@@&é&&%&ﬁ{}lﬁu\{ﬂ%‘%@Wﬁlé{&@iﬁgﬂ{%% ing the use of dampers to

prevent water flow out of the collector when the fans are off; [0047] Figure 15 is an end view similar to
Figure 14 showing the pdtfdtisbV e s AMERER AW TRETHAs are on; [0048] Figures 16a and 16b are

schematic end views of arpaitef watesmaotieataninitsdn ayhighdhadraugtys of one layer have dampers

pivotally connected thereﬁ%ﬁ@@é? uIi:ignurt; lg.(; an elevational view of the water collection tank used in
accordance with the present invention; O\gd]’ igure 18 is an end view of the tank of Figure 17; [0051]
Figure 19 is a top view offilifeirahkacf Figinteke fouvers

Elimination of plenum chamber

Reduced structural height of equipment

Elimination of basin

Reduced manufacturing cost

Removal of fan equipment from wetted exhaust air stream

Self-cleaning water sump

Elimination of pump cavitations

Environmentally friendly

Elimination of need to enter the wetted area to service a basin or fans
[6032] The above and other objects, features and advantages of the present.
invention will be apparent to those skilled in the art from the following detailed
description of illustrative embodiments thereof when read in conjunction with the

accompanying drawings wherein.

BRIEF DESCRIPTION OF THE DRAWINGS
{0033] Figure 1 is a perspective view of a direct forced draft/fluid cooler
constructed in accordance with the present invention;
[0034] Figure 2 is a side elevational view, with the sidewall removed, of the
invention as shown in Figure 1;
[0035] Figure 3 is a sectional view taken along line 3-3 of Figure 2;
[0036] Figure 4 is a sectional view similar to Figure 3 of another embodiment of
the present invention providing an evaporative cooling tower;
[0037] Figure 5 is a perspective view of one section of a water collector made in
accordance with the present invention;
[0038] Figure 6 is an enlarged perspective view of one of the water troughs used

in the collector of Figure 5;



[0052] Figure 20 is an end view of another embodiment of support plate for use in the present
invention; [0053 Figure 21 is an end view of a water trough for use with the connectorJJIate of Figure
20; and WO ¥ 811H88bPCT1US20101024929 11 [0054] Figure 22 i€ %Pl tidrged perspective
view of a collector system using the connector plate of Figure 20 and troughs of Figure 21 (only one of
which is shown in the drawings), DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS [0055] Referring now to the drawings in detail, and initially to Figure 1, a direct draft

fluid cooler 10 is ill ﬁ@}eﬁgﬂée/ ?PQL%Q&Q%%Q’W ggnﬁng%gg@y’%y%my@poraﬂon of water or

other liquids to cool a sécond liquid in a heat exchanger located within device. The systems of the

invention can be uSEHERIRMSTFAREE SPBREILaRSIBrS HiRadRe IR LG E illustrative embodiments
are described as ufiizdnp Waies sheainsantied ptan otesodimibggolD RG] fstdith chotendtircludes an

exterior housing 12, h@vin an open top.14, vertical side walls 15, end walls 17 and a bottom wall 16.
1010 shown 18 Fignfe 5

As seen in Figure W erein the side wall 15 has been removed to illustrate the interior of the cooler,
housing 12 contain$@#ifdiguistriberierdsyatern Do saphyiuppe fdan Dneding &-hebFexkEhanger 24

illustrated in the drawing as a cooling coil type structure. The latter is formed as curved piping having

an inlet end 26 forj#]ﬁggg}%gll[g%d to beé;o_oled o the hea};[ﬂgagg:hant %rsand an outlet end 28 for

supplying the cool I’f}c%lfl%o an outdide Osnfs?em, é%c.l,] a re‘fﬁ%%?gt%ﬁssystem. [0057] A

water collector 30 alsoisdteat@diwithirechogsing:12 below the heat exchanger coil 24 for collecting
water that passes W? W%Qﬁé%%%&ﬁ%@r%%@%m of one section of the water collection

system showing the relationship of the water troughs to each other and the air
flow paths therethrough;

0044} Figure 12 is a partial perspective view similar to Figure 5 of a water
collection system according to another embodiment of the invention;

[0045] Figure 13 is a schematic end view similar to Figare 11 of the relationship
of the troughs of the Figure 12 embodiment to one another and the air flow paths
therethrough;

[0046] Figure 14 is an end view similar to Figure 11 showing the use of dampers
to prevent water flow out of the collector when the fans are off;

[0047] Figure 15 is an end view similar to Figure 14 showing the portions of the
dampers when the fans are on;

[6048] Figures 16a and 16b are schematic end views of a pair of water collector
units in which the troughs of one layer have dampers pivotally connected thereto;
[0049] Figure 17 is an elevational view of the water collection tank used in
accordance with the present invention;

[0050] Figure 18 is an end view of the tank of Figure 17;

{6051] Figure 19 is a top view of the tank of Figure 17;

[0052] Figure 20 is an end view of another emmbodiment of support plate for use
in the present invention;

[0053] Figure 21 is an end view of a water trough for use with the connector

plate of Figure 20; and



coil system from the water distribution system 20. One or more fans 32 are provided in the bottom of
housing 12, supported therein in any convenient manner, for drawing air through the bottom opening
of the housing™ H”K%W?ﬁ& it through the water C(I)Jlector 30 and cooling ol S U8 iktE current to the
water distributed from distribution system 20. [0058] Water distribution system 20 includes a collection
tank 34 mounted outside the housing 10 at the approximate level of the fans to receive water collected
by collection system 30, as described hereinafter. The collected water is discharged from the tank 34

through a dischargg,pipe 36./R SRUMA 3% IR RUPRREIFGUAES e Jauid Lropgh the distribution

pipe 40 to which a plurality of nozzles 42 are connected inside the housing. These nozzles create a
downward WO 20%6rethosupesUssnadiipundd Eyrals of st 1t (RFHSsMg above the heat
exchange coil 24. Thegeingztasintaybeplany known construction, suitable for use in fluid coolers or
evaporative cooler devices, but preferably are spray nozzles of the type disclosed in PCT International
Publication No. W020091070691.£)O§99{§ known form of drift eliminator structure 44 is mounted in
the opened top 14 of holagwli%q it 611%8%%‘%8@&’?%%?‘8@%# mﬁe heat exchange
coil 24 to prevent thepasis Rickm escapingHodhe atnospielend ichatisi floaligurator sizee well known in
the art and need nof. e descrined hera)n delailfxamples efaitable drift gliminatars are shown and
described in U.S. Patent Nos. 5,227,095 and 5,487.531, along with their mountings. The disclosures of
those two patents #e SHESYBEPAtRITMaETEH IS TEraTdn &cqplob BT 2 firwtt dted it Figures 2 and 3,
housing 12 and the:gauipmentseounad theleiArgisugpenediay.Suppoks ainlbbasm legs 46, or any

other convenient form of foundatéionals O[%‘ on thelﬂoor o on the groun% qr fo exgmple the roof
- " or § -and alf! i £ odin (LI .
of a building. Thus e BStEoM T8%5f %al%nl& islgn spaacglégﬁoﬁthlé foor gﬁpgolrt to allow air to flow into

the space 49 formettisyitbds:strilizingewoitrabe inisdiainnptecthairdusing by fans 32. [0061] Figure 3 of
the drawings is a VigstakenialQae:he iRe s 3088 8 cising 12 having an open top 14,

vertical side walls 153, end walls 17 and a bottom wall 16. As seen in Figure 2,
wherein the side wall 15 has been removed to illustrate the interior of the cooler,
housing 12 contains a liquid distribution system 20 at its upper end 22, and a heat
exchanger 24 illustrated in the drawing as a cooling coil type structure, The latter
is formed as curved piping having an inlet end 26 for supplying liquid to be
cooled to the heat exchanger and an outlet end 28 for supplying the cooled liquid
(e.g. glycol) to an outside system, e.g., a refrigeration system.

[0057] A water collector 30 also is located within housing 12 below the heat
exchanger coil 24 for collecting water that passes through the spaces between the
coil system from the water distribution system 20. One or more fans 32 are
provided in the bottom of housing 12, supported therein in any convenient
manner, for drawing air through the bottom opening of the housing and blowing
it through the water collector 30 and cooling coil 24 countercurrent to the water
distributed from distribution system 20,

[0058] Water distribution system 20 includes a collection tank 34 mounted
outside the housing 10 at the approximate level of the fans to receive water
collected by collection system 30, as described hereinafter. The collected water
is discharged from the tank 34 through a discharge pipe 36 to a pump 38. The
pump recirculates the liquid through the distribution pipe 40 to which a plurality

of nozzles 42 are connected inside the housing. These nozzles create a downward



with the rear wall 17 of the housing removed to expose the interior. As seen therein, the heat
exchanger coil 24 consists of a plurality of turns of the piping forming the coil so that fluid to be cooled
entering at the®@#1{E¢&Htrance 26 has a relativ Jy long path of travel Wit IHE ¥H8? for exposure
to the cooling effects of the counterflowing air ang liquid from the distribution system 20 passing
therethrough. The coil structure can be manufactured in any convenient manner and supported by
brackets or a perforated housing 46 within the housing 12, in any convenient manner known to those

skilled in the art. [0062 As seen iﬁqF' ures 2bandt§ ]thet water collei:tﬁr system 30 includes a plurality
of V-shaped trough¥ 50 arrayed in ?nﬁﬂ%% fé%?s z;flés]e egéﬁ}[')%l_ e|rc1:0g§rea'ter 8Seetgﬁ%grseafter. These
troughs collect the WgtitF [FAIBIHE Ffd R thet e tiFpirblr ificteeint TR Repirsai @ aredtiteaway from fans

32. As illustrated inckiguie-dcdheandselthatiouahs:58te npenanddhessystemS0 is supported on
an L-shaped wall s ructur{e f?f;f .acth side %Qgﬂ@ ! (?G%IThiS wall structure extends WO
2010/110980PCT/ BAGR249251 8% o%'g thélength of the housing and, with the side wall of the
housing forms a gu8#dThelktwominters! daftylinenyatet totopeldings Gy tedjadenttensk 34, which

openings are connggied QF'PQ&{%Q"@%V Hﬁ@&%ﬁ@ﬁ%%&%ﬂg&%ﬂs@@l@@ﬁ@ﬂ&@%@g}z@@a@&ings in the tank so
that the collected water flows into the tank and can be recirculated as described above. [0063]

Referring now to FgFa 8o Hhe tiaaiigy, AnenidrgB aperisde Ve miPErs poltioR st the water

collectqr s_ystem BQIMihMaMWElgmmﬁ is @a igclatedediew of @ﬂgitbﬁtﬂhertrou@mﬁo. The entir(_e
water/liquid collector. 3Q is formadiaf & pIURING AL WAL GG HIPAHAIS 01, SEUMENIS 60, as seen in

Figure 5, connected together, as seen in Figure 7, and described hereinafter. Each of the units 60
consists of a pluralfPbftraadi-stippett platbLBrsibtirdsre2 MHiRahg 5 SHHEE A therein for receiving
troughs 50. These giippertplatas maynbefaumedofilightweaightéanolded plastic or the like. In the
illustrative embodi four.support plates are provided,.but the number of support plates will be
dependent on the ze% f} Su}rr?l BI% %éegl §t1 gcai?n%lrcﬁgé%t uél?r%\'/ié“nat?épngll 3%#3%@3%%9&?8{%% 5and 6
troughs 50 are genéwatip Wshapedeahs forpaad ofleaxisks Aetaloy plegtkomietenafarnich allows the

legs 66 of the trougly touflextef.caRYBRIBNGE-INRAIRAGINGtBR iraUaN Sl the st RROFb i ates.
a building. Thus the bottom 16 of housing 12 is spaced from the floor support to
allow air to flow into the space 49 formed by this structure, where it is drawn into
the housing by fans 32.
[0068] Figure 3 of the drawings is a view taken along the line 3 -3 of Figure 2
with the rear wall 17 of the housing removed to expose the interior, As seen
therein, the heat exchanger coil 24 consists of a plurality of turns of the piping
forming the coil so that fluid to be cooled entering at the cotil inlet entrance 26
has a relatively long path of trave] within the cooler for exposure to the cooling
effects of the counterflowing air and liquid from the distribution system 20
passing therethrongh. The coil structure can be manufactured in any convenient
manner and supported by brackets or a perforated housing 46 within the housing
12, in any convenient manner known to those skilled in the art.
[0062] As seen in Figures 2 and 3, the water collector system 30 includes a
plurality of V-shaped troughs 50 arrayed in multiple layers as described in greater
detail hereafter. These troughs collect the liquid passing through the coil 24 to
intercept the liquid and direct it away from fans 32. As fllustrated in Figure 3,
the ends of the troughs 50 are open and the system 30 is supported on an L-

shaped wall structure 52 at each side of housing 12. This wall structure extends



[0064] A more detailed view of a support plate 62 is shown in Figure 8, wherein it is seen that the
openings 64 in the plate have a generally V-shaped bottom peripheral configuration that is
complementay¥34He' V28haped configuration of fhe troughs 50. The v-Sdped’alitiéd 8 a of opening
64 terminate at abutments 64b which form notches 64c in the plate at the ends of the edges 64a. The
top edge 64d of the opening 64 is slightly arched. This structure allows the flexible V-shaped trough to
be slightly bent so that its legs 66 approach one another slightly and thus can be inserted longitudinally

in openings 64. W'}%}%Qﬁetfé%&%mﬁﬁ’J%&ﬁ%Bﬁﬁf@ﬁﬁﬂﬂé@iHE%@E%ﬁiﬂQ}Blﬁ‘iﬁg@Qﬁﬂé@gs the notches 68,

formed in its legs 66 will snap‘into place beneath the notches 64c in the plates. This arrangement
provides a cooper &g mERHE haHEHaREY SsteifT ¢onestdtasdaipte g mbI 1afBughs in the
support plates and dgesiakilizedhadlatasthemseies ol 26104 T1OR80REFAN4520101024929 14

[0055] The siot and poteh.deaian,of (s suaiemalions et Assempbuyihautytiiping mechanical
fasteners while malﬁtalnﬁ‘]gr{he strupturaﬂ integrity of the modules. It also prowcfles or ease of removal.
[0066] In addition teefaeilleaihe deseladlgbatis structure of the support plates forms air passages

through the plate ajypgg;the troughssethatAiscampasshelyveemihe suppg-platesvweven if a trough

is filled with liquid, tg insure uniform lateral dispersion of air as it moyes through the cqllector. [0067]
Referring to Figure¥'§ B4 $h %‘ﬁ%‘?f@%ﬁ?\eﬂﬁg eg?éjﬁ ﬁ]lum YR isoied

ave transverse
view of one of the troughs 50. The entire water/liquid collector 30 is formed of a

plurality of water collector units or segments 60, as seen in Figure 5, connected
together, as seen in Figure 7, and described hereinafter. Each of the units 60
consists of a plurality of trough support plates or structures 62 having openings
64 therein for receiving troughs 50. These support plates may be formed of
lightweight molded plastic or the like. In the illustrative embodiment, four
support plates are provided, but the number of support plates will be dependent
on the size of a unit. In the embodiment of the invention illusirated in Figures 3
and 6 troughs 50 are generally V-shaped and formed of a flexible metal or plastic
material which allows the legs 66 of the trough to fiex for convenience in
engaging the troughs in the support plates.

[0064] A more detailed view of a support plate 62 is shown in Figure 8, wherein
it is seen that the openings 64 in the plate have a generally V-shaped bottom
peripheral configuration that is complementary to the V-shaped configuration of
the troughs 50. The V-shaped edges 64a of opening 64 terminate at abutments
64b which form notches 64c in the plate at the ends of the edges 64a. The top
edge 64d of the opening 64 is slightly arched. This structure allows the flexible
V-shaped trough to be slightly bent so that its legs 66 approach one another
slightly and thus can be inserted longitudinally in openings 64. When the trough
is properly positioned in the opening plate openings the notches 68, formed in its
legs 66 will snap into place beneath the notches 64c in the plates. This
arrangement provides a cooperating means in the water system collector
assembly to hold the troughs in the support plates and to stabilize the plates

themselves.



wall elements 72 formed thereon. These wall elements will abut one another when a plurality of the

water collector segments 60 are positioned in the housing, as shown in IEicgr%gJ' 5n2%99ition, as seen
in Figures 5, ak: @{Wﬁ%médges 70 of the suppor},plates have partial operings B4 ¥6tied in them that

are complementary to a corresponding partial opening on an adjacent plate so that when the plate
ends abut they form a complete opening between them. By this arrangement, when a V-shaped trough
element 50 is snapped into that opening, the trough itself forms a connection between the two support

plates and serves tgpennect e ollspipnseaments 60 apeibet Althouah fhe dliustrative embodiment

shows two such partial openings on each edge of the plate 62, the number of such openings will
depend on the siz&'B#1iH¢ PrRAREUEERE s SAHSMERERS, e ButuR 'Bl§EY 8 d¥he support plate 62
has a thin, offset walldtfeextesichngdherefompraiteing & support surface 78 on bottom edge 74 which

can rest on the top gis of Stk fdhid il SHRParLIhRLePn.In.addiien. I more than one

layer of collection LE_nItS s used, the units can'stac one another with the support surface 78 resting
on the upper edge fPonsfasiagesezs[(HosTp AlthdeigIrape Breferel enibydi@Btdfthe invention utilizes

V-shaped troughs 50-a&glascrilpgstahave Lo-anevidedituidinelegtionchrnglsdodgashthe collected
liquid to the gutterS’I, it spguld he u deﬁrsto{od thatto_toh% %(])envcﬁ{y(:(atgt shapes such as U-shaped troughs
can be used as well'ii a0dion 2 %hagﬁ as i lSJSI%Il’al{é in filgure 3 the opposed ends of the troughs
are open to supply €Tl dtefctone pafi ofepfiters Jitekegided Cohdrenttiof tR&rolighs ean be closed so

that all of the liquid,jg;stipRlied to A siRglegLter TR RPUSIAGN M abut one another
2010/110980PCT/1552010/024929 15 [0070] Referrin \gto Fi%(u_re 11 ,agg?}ematic illustration of

. no
the array of the troligii 3 tHR B e SRS s Fbtigla AR ks¥aR HEPEFA th F6Wg from the fans
encounters the lowerstayer infitraugis hGdpaisses throlgKigweegapsand 8, the edges 70 of

the support plates have partial openings 64 formed in them that are
complementary to a corresponding partial opening on an adjacent plate so that
when the plate ends abut they form a complete opening between them. By this
arrangement, when a V-shaped trough element 50 is snapped into that opening,
the trough itself forms a connection between the two support plates and serves to
connect the collector segments 60 together. Although the illustrative
embodiment shows two such partial openings on each edge of the plate 62, the
number of such openings will depend on the size of the plate.

[60868] As seen in Figure 9, the bottom edge 74 of the support plate 62 has a thin,
offset wall 75 extending therefrom providing a support surface 78 on bottom
edge 74 which can rest on the top edge of gutter wall 52a (Fig. 3) for support
thereon. In addition, if more than one layer of collection units is used, the units
can stack on one another with the support surface 78 resting on the upper edge 79
of plate 62,

[0069] Although the preferred embodiment of the invention utilizes V-shaped
troughs 50 as described above to provide liquid collection channels to lead the
collected liquid to the gutters, it should be understood that other convenient
shapes such as U-shaped troughs can be used as well. In addition although, as
illustrated in Figure 3 the opposed ends of the troughs are open to supply the
water to a pair of gutters, if desired, one end of the troughs can be closed so that

all of the Hquid is supplied to a single gutter in the housing.



between the troughs, and is diffused against the bottom of the troughs above them. In addition,
because openings 64 are formed in the plates 62 with a large top portion above the troughs air can
flow through tKe ﬁP&f'é]éoéﬁ’to the opposite side of the plate even if the trgﬁaﬁﬂ%ffﬁ%’aﬁ?\%ﬁh water as
illustrated schematically in the upper right on Figure 11, and shown by arrows B. This diffusion pattern
occurs in and continues through the multiple layers of troughs so that at the top of the water collector
system the air is fully diffused laterally for uniform flow through the cooling coil and thus uniform heat

transfer. As also Seggi RIGHS, 1 1o HAHEN5R0 ai&iﬁé]ﬂ@%?ﬁﬁ&ﬁdﬁ&%r@ﬂ'%éﬁ’.{%%%ftﬁém one another and

offset relative to the troughs in the layer above or below it. The space 78 between the ends of the
troughs in each lay&riEh e RAREWRA Srarmyitulighssaamesindie lantie48Mg the opportunity
for the troughs to coleatdigidichflewithg downiiowafdsdbies &0 pasmisb ogidiepiets through the collector.

[0071] In one preferred embodiment the.width between the, legs of a, single trough. 50 is about 3 inches
while the spacing ?)bé:'g‘}vv%eé{:?}%temg S0 aﬁj&ceﬁt%ﬁgﬁ% 2'inches. f0072 It Ras %egn found that using

five layers of trougHs'as BHioitian. Brgerescpcoipg Cotedositsstathratlyt a0ty 6t Harsfater droplets
which pass throug %@@h@ﬁt@g@@gﬁgﬁfu@gmm denthewtankuid.dk-dasiesh haweygsmore or less layers

can be utilized. [007 (% fcoyrse it is to be understood that the uniform spacing of the troughs
described above iss%g tc%tgenaaaf%FQ’.ePn%oéheecfod’gﬁésrl%?ﬁg ‘ﬁ‘p%h"’ e aasﬁg“%té f%%sgg glg%ﬁeycific shape of the
housing, it is withinithke spppaighthe Tgentidnatd verynthe spering Détwdditee pdaghs in order to

direct air flow to spgCifiG Argas.dmaddiinduyRING. iR SiZ6.Af SheARRNIpas DRIWERR sdiacent troughs
will effect the air velocity between the troughs. B)éégr%ing the gap between them, air distribution can

be better balanced!HirsHGHEUEHYE SYLEERIHGWE HSRARREAHY A5 B TIlRhs remain
overlapped, as destriliet thbovejsocthibivdtes wafinothescapeito. the fnsecM@Figure

2010/110980PCT/ Jﬁ?@&ﬂg%%%%%@cﬁq’ayer are laterally spaced from one another and offset
relative to the troughs in the layer above or below it. The space 78 between the
ends of the troughs in each layer is less than the width of the troughs themselves,
thus increasing the opportunity for the troughs to collect liguid flowing down
towards the fans as mist or droplets through the collector.
[0071] In one preferred embodiment the width between the legs of a single
trough 50 is about 3 inches while the spacing between the ends of adjacent legs is
2 inches.
[0072] It has been found that using five layers of troughs as shown in Figures
2-9 will collect substantially 100% of the water droplets which pass through the
heat exchanger return to the tank 34. If desired, however, more or less layers can
be utilized.
[0073] Of course it is to be understood that the uniform spacing of the troughs
described above is not mandatory. Indeed, depending upon the application or the
specific shape of the housing, it is within the scope of the invention to vary the
spacing between the troughs in order to direct air flow {0 specific areas. In
addition, varying the size of the openings between adjacent troughs will effect the
air velocity between the troughs. By varying the gap between them, air
distribution can be better balanced throughout the system. However, it is
important that the troughs remain overlapped, as described above, so that water

cannot escape 1o the fans.



[0074] Figure 10 lllustrates a support plate structure similar to that previously described, but using four
layers of collecting troughs. In this case, the support plate 62 has a somewhat different end
configuration %(}[I%%R”fﬁgg%ges of the plate interd{gitate and the transverse"WaR& Y263 the end edges
overlap to support one another. These transverse walls can have snap fitting structures formed in
them, such as recessed U shaped forms that will receive and functionally engage the flat opposed
edges 72' of an adjacent plate to snap the adjacent plates together. [0075] Figures 12 and 13 illustrate

schematically an°%ﬁf7§ﬂﬁ%@‘@ﬁi§?§t@t@s%@&?&tiBM?MHRME Eﬂlﬁi&%%ﬁ%@&fi&%? using individual

troughs 50 as in the prior embodiment, pairs of troughs 80 are provided, which are tonnected by an
integral web 82 ext&iigitgovEriEsing FRRAIRER e sas@ ot sdrsiiictife 6 BERPENap into openings
in the support plategfoaesponding 4 dharapenings-bdipresionslykie seribrds blaueyer the plates in
this embodiment womglldd{'gi?&lgedag It%strgr?fs%rts%n“ggﬂg.aeotr\{vfgen the ogeninf?aes%?4 to a%:ommodate the webs

82. In Figure 12 thénpﬁatES and their openings are simp y%lfﬁst?g%eaosvg %ﬁlcl:%lfl(i/. %%?providing the

troughs in pairs connebead By theapebr sy sbnianiiae graateimgyidiytiscpfovitddadheie structure, yet air

distribution throughsthg surRestPlatesisimainialnedi [AQLRL Referring.aapinde. Figrred, the trough
support plates include ribs 90 formed th%r_ein exrgendin downwardé% nd away from the troughs toward

the troughs therebelRP Tt FLRS bise R LA HTAL R he cBTR &) 8F8RNALER 575 E8bler in accordance
with the present in\é#itfidnHigerdiglildifrdolh System RBeoat cbindendberembhdisantadabeof the plates and

move in a film dowpwardly, AloRc, e SHPEAE! RiREeShahhalcandensalion peeds o pacollected so as

not to enter the fan area. Accordingly, ribs 90 break up the condensation film as it moves downwardly

and directs it to thePRiET BTGP HEUGH Hrrhieth A oétesh SR Pkenss Cohdnsation can form
on the interior surfaeegrafike $lalisadiievtouveny Patigsconhthesend wdllst édeflector plates 96 are
provided, as seen in 0F ure 2, to gl'r% t gongl%rgs ﬁ)\{!:ng qu IIEQO e wﬁélg into th 4troughs. On the
sidewalls, as seen in Eh%ui}ep én nc_)ﬂseuElcq‘f‘igd}“élflectgriSI éﬁg%é a?e_()refasg%edr@egause_p?ﬁg%sbﬁdensate will flow
directing downwardlifTitesthésgeittars. Hars 2o o/ e 80t ¢ Falsso10y02a99 9°4'r4od7%] Referring now

to Figure 4, the technelegyial thesReasant javpiption is Lepatvadaptedds; gse in @yagorative coolers. In
an evaporative cooﬁ rtﬁgelg%gigni %Sgeed -COEQteSr}:”rfe{]{utSQ{OU@pc N eva ra]_g)'ve copling media of
well-known construc%on orming a%%iye 105 i the To sing ff’lnsﬁea ocfﬁﬁ'rout}f]h coil 24.

providing the troughs in pairs connected by the web 82, somewhat greater

rigidity is provided to the structure, yet air distribution through the support plates

is maintained.

[0676] Referring again to Figure 8, the trough support plates include ribs 90

formed therein extending downwardly and away from the troughs toward the

troughs therebelow. It has been found that in the course of operation of a cooler

in accordance with the present invention the liquid from svstem 20 can condense

on the surfaces of the plates and move in a film downwardly along the support

plates. That condensation needs to be collected so as not to enter the fan area.

Accordingly, ribs 90 break up the condensation film as it moves downwardly and

directs it to the water coliection trough immediately therebelow. Likewise,

condensation can form on the interior surfaces of the walls of the tower. Thus,

on the end walls 17 deflector plates 96 are provided, as seen in Figure 2, to direct

condensate moving down those walls into the troughs. On the sidewalls, as seen

in Figure 3, no such deflector plates are required because the condensate will

flow directing downwardly into the gutters.



The evaporative cooling media can take many forms, and typically could be cross-corrugated sheets of
plastic material which form air passageways therebetween through which the liquid and air pass
countercurrenw.) THE R ure evaporates in the jnedia as it contacts thgcéﬁ?uﬁ%gf’gw9ggoling the air for
use in air-conditioning systems and the like. [0078] As noted above, although the water collector
system as illustrated and described in connection with compact, transportable fluid coolers or cooling
towers with bottom fan system, the water collection structure may be used in more conventional

systems having COW&%%@M%&;&W?%% hasinsbelawethe ligyidcapler Ll edia, e.g., with the
systems of Patent Nos. 5,227,095 and 5, 45,356 or others, while retaining its superior air diffusion and
dispersion properti€2 ARy 4ER/EH 1A JES RS  RREFSIIG n IR AR RGBT A 208156 A% 1 amper system is
illustrated for closirig phec:gaps-daetwesan dieurhtgbs:pdnvihetoive rajieoditiekwater collector system
to prevent any liquid,crinping down irayah s alar sallssior,liom (e aisrgistibution system from
entering the fans there elow. Inn%ﬁe”’emagodlment illustrated in Figures 14 and 15, a small trough-like
damper 110 is proville@visreabrcgapibe thsbh toiigh s S0 it IRErmriaydy cPHE Bamper 110 has a
length corresponding{@ dheulengtimedirotghs:daand.hasiangeneialyaM:shape with small outer legs
that sit on the upper edges of the Ie%fs E&a{g@ trough. These damFers areﬂllgqlhvgelght plastic members

ed
. t 8]I'€ efwe nﬂﬁ]io‘l.‘i MWL %lgul and alr pass,coun F]rc TEN g .
and will move upwardly, under the mfluence of air pressure when the fans are on, to the position

shown in Figure 15mangiredvebdraigainshehecdiottoosurdeiedls ofthertiolggiosithdreabdve. When the fans

are turned off, thesg,dampers,will settle down.onte.thg.top edges of the troughs in the lower level.
These dampers may be free-floating, although, if preferred, they could have guide pins formed therein

engaging in slots fONHEH MRS bRT PIRREE GG ilE Al R BEX T EVEHERER 8 the closed
positiqn shown in ngmﬁa&&iﬁ@@heeapmm@msiﬂmyp:&hmpmﬁﬁgaﬁ@iﬁ&o\t\]ﬁ& z_f)ddii_ﬂjﬂng)Q
OPCTIliS20101024929. 18 100801 In an lernative, arangement, a5.8heumy 1 Figyes 16a and 16b, the

dampers 110 may be formed integrally with the troughs using a live hinge 112 or other convenient
pivoting mechanisna% GiaufdEeli oAb ERY BléIfe8virn tRBah 2t THIBPEL5&2tHE BRAMDEFs are formed of

a pair of elongated ipjaiesod il canneeted ¢q thapaistofithe M shapadds augitsows the next to lowest
layer of troughs. E I 111 is connected thereto by.an integral live hinge 112 as shown on two of
the troughs or by aasggﬁllt%g%é? méc eésh%%?ﬁﬁég%lﬁﬁgsig%g %%%ﬁx%‘ts fod' Ft‘?r%%jgrsalto the point of the V
which is engaged grepsrtissapiirrdiiezh#inges 115 which allow the damper plates 111 to pivot on the

rod. With either of tfygse; agtangemenisorhendhesfans are oft.the Jampearsiwaulsifall by gravity to the
position shown in salid lines in Figure 16a, and when. the fans are on the dampers would be moved to
e i TGEhGE GPURE SICRaTa P e S0 B HNGLreL

the dotted line posifiSh tnd FIRETHITGEREE BPHSE D 2RSSt BS tiRGerdtSs 8 by those skilled

in the art, the dampersewdouidevenfennédushdiepirgdghs ihvsednentsidetherer thambtches 68
described above, sq thatitheliHahs caThe Seaieh indhe SHRRAK RiatesHNafdilipRihe pivoting

damper panels can be held in the open position of Figure 16b while the trough is being installed in the
support plates so al!FSE &I RFE AN dtafaiToH! MBrEIUELARBGAMIE RS EHRr Figure 15 or
Figure 16 will not interiers witlhdheronphovednatedispeisian (revidegdy théucallketl system of the
invention as descrigggeggo%\ﬁ% ¢ to the length of troughs 50 and has a generaliy M shape with small
outer legs that sit on the upper edges of the legs of each trough. These dampers
are lghtweight plastic members and will move upwardly, under the influence of
air pressure when the fans are on, to the position shown in Figure 15 and be held
against the bottom surfaces of the troughs thereabove. When the fans are turned
off, these dampers will settie down onto the top edges of the troughs in the lower
fevel. These dampers may be free-floating, although, if preferred, they could
have guide pins formed therein engaging in slots formed in the support plates to

guide their vertical movement from the closed position shown in Figore 14 to the

open position shown in Figure 13,



[0081] The use of dampers in the present invention is advantageous not only because it keeps liquid
out of the fans and avoids corrosion, but keeps the water out in freezing conditions as well, which
could create aMaZ&d! Hﬁ%"damage to the fans. [0Q82] In certain appllcaﬁgﬁgmgﬂ%rz?he fans are on
or off) it is conceivable that moisture might condense on the outer surfaces of the troughs or that
droplets impinging on the edges of the troughs might migrate to those outer surfaces by surface
tension or otherwise. Such liquid would tend to migrate along those surfaces and fall into the trough

therebelow. ShoulqglgofChr A1, HE JOWESLIES: of @Wﬁr HQHE draRlsts gpaydhen fall onto the

fans. [0083] To overcome this potential occurrence, the liquid coIIectornG?/stem shown in Figures 20-22

may be used. In thi@%ﬁ)ﬁ%%ﬁi’ Hﬁé%ﬂ‘ﬁﬂﬁ?%fé’t’é(s“’@ W%@Hﬁﬁ@% fdiesd iRe¥ein as described
above. In addition, &Iﬂesednpenuﬁgpuhai\i@ B2 01041 LOOBORET A H2Q1RI024 9281 vertical slots 64e

formed therein whelre the e? eac %?g%qjéth Eﬁc%?nd?Tﬁr% Etof’oé gmg%eéé)%g%pﬁg §O%Q ds also formed in

the plate at the lower en slots 64& an ormed fo accommodate
and receive a troudh Brensioh BT \viislshagughrapidamniey B reraridySiaiovehaped rough 67b

formed at its end. Ligwid coRdeRsinganaigraling andhenutehsutfacessabsuel thoughs will be
captured in the smeéler trc[J# hs 67b. O ours |t |s1 Lmbe understo d that th%\#r hs 67b are

essentially the sam elé’ﬁ’ﬁ rou S Ita 16 ca?ri)? |qU|° Sofectes 9ner%w°tt 1'tmwers gutters. [0085]
The trough 66 with @Rmoﬁtﬁe?\fswédeivedmn@ﬂ@nmgéf 8fliaddesl div 846 BAnehdaf Ao whown in Figure

22. In that Figure oply cﬁﬂﬁgé?fpm@sm @i%ﬁ%\i& SRRMNod. With either of these arrangements

when the fans are off the dampers would fall by gravity to the position shown in
solid lines in Figure 16a, and when the fans are on the dampers would be moved
to the dotted line position under the influence of the forced air. As would be
understood by those skilled in the art, the dampers would be formed on the
troughs in segments, between the notches 68 described above, so that the troughs
can be seated in the support plates. In addition the pivoting damper panels can be
held in the open position of Figure 16b while the trough is being installed in the
support plates so as not to interfere with instaliation. Moreover, the dampers of
either Figure 15 or Figure 16 will not interfere with the improved air dispersion
provided by the collector system of the invention as described above.

[6481] The use of dampers in the present invention is advantageous not only
because it keeps liquid out of the fans and avoids corrosion, but keeps the water
out in freezing conditions as well, which could create a hazard and damage to the
fans.

[0882] In certain applications {whether the fans are on or off) it is conceivable
that moisture might condense on the outer surfaces of the troughs or that droplets
impinging on the edges of the troughs might migrate to those outer surfaces by
surface tension or otherwise. Such liguid would tend to migrate along those
surfaces and fall into the trough therebelow. Should that occur on the lowest
layer of troughs, Hquid droplets may then fall onto the fans.

[083] To overcome this potential occurrence, the liguid collector systerm shown
in Figures 20-22 may be used. In this embodiment the sapport plates 62 have

openings 64 formed therein as described above. In addition, these openings have



with one trough 66 in place for clarity. To assemble the system the trough is guided into the openings

64 in the supportoflates 62 as described above while the trough extension is simultaneously guided

into slots 64e YRFBATURE the slots 68 align with the support plates andpacrg%sr%gﬁ}[l)ﬁez K place. [0086]

In principle only the lower layer of troughs in the support plates should require these extensions 67
since any liquid on the outer surfaces of the upper troughs should be collected in the trough below it
and carried to the gutters as described above. Any residual liquid on the outer surfaces of the lower

layer of gutters woyldthen hecQliented by e spalliEoughs:7 brand satrisdda.hg guters as well

However, in order to remove such liguid from the air stream as quickly as passible, it is preferred that
all trough layers in tHalcy|rbeseshs Ky s MRaderabiighs Havifg X BN 6 7250 ‘lg-g] Figures 17 - 19

illustrate the water g@lection tank 34 in greater detail. In a typical application for use in a direct forced

draft fluid cooler Of[gﬁéajdrh%os?o_%oe%én Jower. s deseribed ahous. this fank is.fRrmgd to be relatively

small compared to priorart devices. This is because in such systems the water never leaves the fluid
cooler and is recirciERsEPRrohrHhietthena ot s ey hertis said Hatrrsgdineehidis as distinguished
from cooling towergyhere the-watelisdsadoutiside thesystem fereaslkngheferehaing returned.

[0088] A water coIIe_ctign‘t of the present invention for S ith a fluid cot%Igr typically would hold
approximately 90 g&ii&He %Iu‘?cf B [%%”éﬁ ?ré“‘i‘ﬁ’iﬁ 5%%%?&(?9%&%7@@%)10/824929 20 system. As
discussed above, amdeagsdahpintEigerss 07010 etk Hassanafrnel Botweh s dither formed by
four tapering generally, taR@uIRE MRS QERSBhe tower’s gutters.

[6085] The trough 66 with extension 67 is received in openings 64 and slots 64e

and 64f as shown in Figure 22. In that Figure only part of the plate 62 is shown,

with one trough 66 in place for clarity. To assemble the system the trough is

guided into the openings 64 in the support plates 62 as described above while the

trough extension is simultaneously guided into slots 64e and 64, until the slots 68

align with the support plates and are snapped in place.

{00861 In principle only the lower layer of troughs in the support plates should

require these extensions 67 since any liquid on the outer surfaces of the upper

troughs should be collected in the trough below it and carried to the gutters as

described above. Any residual liquid on the outer surfaces of the lower layer of

gutters would then be collected by the small troughs 67b and carried to the

gutters as well. However, in order to remove such liquid from the air strearn as

quickly as possible, it is preferred that all trough layers in the collection system

include troughs having extensions 67.

[0087] Figures 17 - 19 illustrate the water collection tank 34 in greater detail. In

a typical application for use in a direct forced draft fluid cooler or closed loop

cooling tower, as described above, this tank is formed to be relatively small

compared to prior art devices. This is because in such systems the water never

leaves the fluid cooler and is recirculated from the tank to the spray heads and

back again. This is as distinguished from cooling towers where the water is used

outside the system for cooling before being returned.

[0088] A water coilection tank of the present invention for use with a fluid

cooler typically would hold approximately 90 gallons of fluid for the entire



conical shape so that all of the liquid is directed to the bottom outlet. By this construction, the sediment
and the like that is collected in the operating liquid will settle in the tank into the tapered bottom and
can be readily‘m%]é’é}’f?%sr?} the system as necessgry through drain 120. TR 4GSR et ause the tank
is located exteriorly of the housing, and has a simple removable top 41, there is easy access to the
tank for cleaning. Still further, because the tank is located higher than the pump, and due to the
location of the outlet 39, the pump will remain primed, and the head required for operation is less than

in prior systems, therehy r%&}éﬁ@&ﬂs@dSA’Q@JL‘?%M@Qa@%ﬁ&?]%@é?ﬁ‘ﬂ@?ﬁ%tﬁ&%&?&ﬁ%@%&‘bove’ the

system of the present invention provides a number of major improvements. The liquid collection
system collects all BY#R® doRHES FRIAMGIAENHaRAIEd BReYy dHengias Se!t0e Hiflowing air so that all
the fill media gets subgtartiaiysequakaisflowiacrossiheentyesbdaae afithe Beaiexchanger or fill

media. This enhances, more effisient,alf (o waler midures yhishincieases, peripymance of the system.
In addition, the design of the water collectors provides a significant pressure drop across the collector

panels, as compareditectdddtitiy teeh Astabs Phied bditte disrexs by ecditp Aseeihirendes thermal

performance of the,caelhing tRWet.ereoyes:4he water LRHECIOrSYsiemds.glativelwgimple and
economical to manufacture. %?09 %Althou iLthe invention has been gg cribed herein with reference to

the specific embodfHentEERoMT uf'ﬁ@’dallgiwﬁsg%,ﬂff'%etﬁeﬁgvﬁ rEicod THaL 1RE YR7ERYon is not limited

Wh'l
to such precise embvcthrmeht®arichtirat. \Btriblystohabgesatd modificaticdsigiay bheneélfected therein

without departing frap e, 6P, eSO BGNRINED: iR pun R BB THITHRACRIVHAT IS

the head required for operation is less than in prior systems, thereby requiring a
smaller pump for operation.

{00891 As described above, the system of the present invention provides a
number of major improvements. The liquid collection system collects all of the
downcoming water, but also directs and diffuses the upflowing air so that ali the
fill media gets substantially equal air flow across the entire surface of the heat
exchanger or fill media. This enhances more efficient air to water mixtures
which increases performance of the system. In addition, the design of the water
collectors provides a significant pressure drop across the collector panels, as
compared to existing technology. The reduced pressure drop alse increases
thermal performance of the cooling tower. Moreover, the water collector system
is relatively simple and economical to manufacture.

[6090] Although the invention has been described herein with reference to the
specific embodiments shown in the drawings, it is to be understood that the
invention is not limited to such precise embodiments and that various changes
and modifications may be effected therein without departing from the scope or

spirit of the invention.



1. A direct forced draft fluid cooler comprising a housing, heat exchanger means in said housing for
containing a first liquid to be cooled for use outside the fluid cooler, liquid distribution means located
above said heat exchanger means for distributing a second liquid on said heat exchanger means so
that said second liquid gravitates downwardly through said heat exchanger means; fan means located
below and beneath said heat exchanger means for blowing air directly upwardly through the heat
exchanger means to cause evaporative cooling of said-second liquid thereby to cool the first liquid in
the heat exchanger means; a water collection and air diffuser means in said housing below the
heat exchanger means including a plurality ofi&yeFsfsBpafate water troughs for collecting the
second liquid falling from said heat exchanger means, said troughs in each of said layers being
spaced laterally frorrbﬁ%glﬂ ﬁ%‘iﬁ\ﬁﬂ%@ 'ple air passages between them and being laterally offset from
the troughs in the layers above or below it whereby said houghs capture substantially all of the

downflowing second iquid in,he jower andhpreduce a dniform, diffusion.af dayaidly flowing air leaving
the water collection and aif diffuser means and entering said heat exchanger; said troughs each

having at least one JpEseRGIGR AT FREARESS S5 REE&TY forive&8itthgeids B_cond liquid from
the at least one opemenddafdhadraugtur henappardtuis assde fine dxith Glamednintiuding an external
liquid collecting tank means adiaceht fait BEUSING.I Leseling.seid aecanddigwd from said gutter

means. 3. The apparatus as defined in Claim 2 wherein said tank meangais located laterally of said

fans. - 22 - SUBSTITUFEEBAGE B FRERPPERAL LS GEARBERCIER 3 e

inctiding pump means
connected to said taiksréaris amd terwaidshguichdisthibngtioneme ndlforipman girkgtsaid second liquid
from the tank means ig.the.iguid.dishibutigonmeanse-a: theappapaiusascafingd:na Claim 4 including

means for connecting said pUm, means. o,said ARk meaRs for conyexing gaid second liquid from the
tank means to the pump means; said connecting means having a firstend connected to the tank

means and a second end EoHHECERI BT AD s Re st s Rver eI Palidthaiitsaid first end.

exchanger means including a plurality of layers of separate water troughs for
collecting the second liguid falling from said heat exchanger means, said tronghs in
each of said layers being spaced laterally from each other to provide air passages
between them and being laterally offset from the roughs in the layers above or
below it whereby said troughs capture substantially all of the downflowing second
liquid in the tower and produce a uniform diffusion of upwardly flowing air
leaving the water collection and air diffuser means and entering said heat
exchanger;

said troughs each having at least one open end; and gutter means in said
housing for recciving said second liguid from the at least one open end of the

troughs.

2. The apparatus as defined in Claim 1 including an external liquid collecting
tank means adjacent said housing for receiving said second lquid from said gutter

means.

3. The apparatus as defined in Claim 2 wherein said tank means is locaied

iaterally of said fans.



6. The apparatus as defined in Claim 4 or Claim 5 wherein said tank means has a tapered bottom
including a drain hole located at a lower level than the connection of said tank means to the pump
means. 7. An apparatus as defined in Claim 1 wherein said water collection means includes at least a
pair of trough support plate structures having openings therein for receiving said troughs; said plate
structures being longitudinally spaced from each other along the lengths of the troughs. 8. An
apparatus as defined in Claim 7 therethrough whereip-said openings are sufficiently large to allow air
to pass from one side of the plate structure to the other even when a trough is filled with liquid. 9. An
apparatus as defined in Claim 7 wherein sai@tUghs Bhtsibte structures have cooperating means
formed thereon for securing the troughs in said openings. 10. An apparatus as defined in Claim 7, 8 or

2 whereln said oushs exispd encialv parale (B eehaer SR IAXers Wib e maximum lateral
spacing between troughs beingiess than the maximum wi th'of arlfln. Ividual trough. - 23 -
SUBSTITUTE PAGE X ineiipatato skigefl fsgiv e nmsn WharBiH earidr6inghs are V-shaped in
transverse cross-sediipi [tbi2. A appacatus @as ldekingdrin:Claime2 wherein said troughs are U-shaped
in transverse cross-section.

5. The apparatus as defined in Claim 4 including means for connecting said
pump means {0 said tank means for conveying said second liquid from the tank
means to the pump means, said connecting means having a first end connected to
the tank means and a second end connected to the pump means at a Jower elevation

than said first end.

6. The apparatus as defined in Claim 4 or Claim 5 wherein said tank means
has a tapered bottom including a drain hole located at & lower level than the

connection of said tank means to the pump means.

7. An apparatus as defined in Claim 1 wherein said water collection means
includes af least a pair of trough support plate structures having openings therein
for receiving said troughs; said plate structures being longitudinally spaced from

each other along the lengths of the troughs.

8. An apparatus as defined in Claim 7 therethrough wherein said openings are
sufficiently large to allow air to pass from one side of the plate structure to the

other even when a trough is filled with lquid.

9. An apparatus as defined in Claim 7 wherein said troughs and plate
structures have cooperating means formed thereon for securing the troughs in said

openings.

10. An apparatos as defined in Claim 7, 8 or 9 wherein said troughs extend
generally parallel to each other in said layers with the maximum lateral spacing

between troughs being less than the maximom width of an individual trough.



13. An apparatus as defined in Claims 7, 8 or 9 including means associated with at least one of the
lower layers of said troughs for closing the space between adjacent troughs in said at least one of said
layers when the at least one fan is off and for opening those spaces when the fans are on in response
to air flow caused by the at least one fan. 14. An apparatus as defined in Claim 7, 8 or 9 wherein said
support plate structures include surface rib means adjacent the openings therein positioned for
directing any of said second liquid on the plate structeire to the layer of troughs therebelow. 15. An
apparatus as defined in Claim 7 wherein said support plate structures each comprise at least two plate
elements of substantially identical shape haVikg9gpdsed &nls adapted to abut one another and
means for securing said abutting ends together. 16. An apparatus as defined in Claims 8 or 9 wherein

said support plate stycturgs cach. comprise of lefish 1o plate elamants Dainggopgsed ends adapted
to abut one another, said oppggegi ends eac Ravmg cutout portions formed therein which, together,

when said ends are &Bittifi§ FxHe&# @pening for a trough and said cooperating means on said trough
and plates secure a trough therein and the abutting plates together. 17. An apparatus as defined in

Claim 16 where said jplate sirusi#es gashhaveatileastane paikeheaid stitoupertions formed
therein. - 24 - SUBSTITUTE PAGE .18. A direct forced draft fluid cooler comprising a housing, heat

. {ransverse cross-SeChon. .. . . . . .
exchanger means in sau}ﬁﬁousmg for containing a first liquid to be cooled for use outside the fluid

cooler, liquid distribution means located above said heat exchanger means for distributing a second
liquid on said heat exéhangerpneranis soltfimdsaidiswe sntoR§udlefagiaaes sewitdrdly through said
heat exchanger meagsi faRMmeansrlacaied: helovennd bensathr saichheat prehangen means for blowing

air directly upwardly (ough ine.neatexehanasl (NSRS Q. A% UPRRIANNG.ARAlRY of said second
liquid thereby to cool the first ﬁléw in the heat exchanger; ,
and for opening those spaces when the fang are on in response o air fiow cavsed

by the at least one fan.

14.  An apparatus as defined in Claim 7, 8 or 9 wherein said support plate
structures include surface rib means adjacent the openings therein positioned for
directing any of said second liquid on the plate structure fo the layer of tronghs

therebelow.

15.  Anapparatus as defined in Claim 7 wherein said support plate structures
each comprise at least two plate elements of substantially identical shape having
opposed ends adapted to abut one another and means for securing said abutting

ends together,

16, An apparatus as defined in Claims 8 or 9 wherein said support plate
structures each comprise at least two plate elements having opposed ends adapted
to abug one another, said opposed ends each having cutout portions formed therein
which, together, when said ends are abutting form an opening for a trough and said
cooperating means on said trough and plates secure a trough therein and the

abutting plates together,

17.  An apparatus as defined in Claim 16 where said plate structures each have

at Jeast one pair of said cuiout portions formed therein.



a water collection and air diffuser means in said housing below the heat exchanger means including a
plurality of layers of separate water troughs for collecting the second liquid falling from said heat
exchanger means, said troughs in each of said layers being spaced laterally from each other to
provide air passages between them and being laterally offset from the troughs in the layers above or
below it whereby said troughs capture substantially all of the downwardly flowing second liquid in the
tower and produce a uniform diffusion of upwardly flowing air leaving said water collection and air
diffuser means and entering said heat exchanger; said troughs each having at least one open end;
gutter means in said housing for receiving salEedéHdHigaieFfrom the at least one open end of the
troughs; an external liquid collecting tank means adjacent said housing for receiving said second liquid
from said gutter means; and pump means, connected to said tapk and to said liguid distribution means
for pumping said sec{t;gshd Iiéﬁ%ﬂ %rtc{%nrw{"?ﬁgrétn u%ocﬁ%liicd}t[ﬁgnaﬁg%r?b%ﬁ%rﬁgiﬁ%fﬁé%? lfg'r'l'he apparatus as
defined in Claim 18 WkreinsaidiBorsiag & sespitere foflst Hitrin 9156 b e GIRASST LT second liquid. 20.
The apparatus as definedone: lajm I8ihereincaiddrocgivekavd twvo apgenendsslodated at the

longitudinal ends theggaf g $Id dUILMGANS HQQJEQ%%%@%%E%M%%@E%@X&J&’ associated with the

ends of the troughs for receiving said second liquid from the troughs and_supplying it to said tank. - 25
Bk

- SUB STITUTE PAGE g v ESHIAmatly AU SR itd it Cisiar s Breialil 2 %nerein said tank has a
tapered bottom includlingeatdraimniblentotated latiaidwesclaveinthanbiheicorindietion of said tank to the

pump. 22. An apparafys:as fefinshimGlaimhdBaherain saiskwaiercalesting means includes a pair of
trough support plate structyres avi to‘rs)oeop'Hl}eqjs}.t erei&f%qergc iviph%nsgid troughs; said support plate

. g
structures being Iongsl(fﬁ{mdné @I%tp]g%e rom each other a ong %ﬁee?engﬁg of the troughs, and said

troughs and support plate striaEfidldanedsssEfatmnysHsan e PrisaLheohcBsecuring the troughs
in said openings. 23c.ARapparidmasdefingdrintclaim.4Stherethrouth wheseinrsaid openings are

sufficiently large 10 alloy A, a5 A0 Af: R APy lPLe: UG 1@ 116 algk fven when a
trough is filled with liquid.

each of said layers being spaced laterally from each other to provide air passages
between them and being laterally offset from the troughs in the layers above or
below it whereby said troughs capture substantially all of the downwardly flowing
second liquid in the tower and produce a uniform diffusion of upwardly flowing air
leaving sajid water collection and air diffuser means and entering said heat
exchanger;

said troughs each having at least one open end; gutier means in said
housing for receiving said second liquid from the at least one open end of the
troughs; an external liquid collecting tank means adjacent said housing for
receiving said second liquid from said gutter means; and pump means connected to
said tank and to said liquid distribution means for pumping said second liguid from

the tank to the liquid distribution means.

19.  The apparatus as defined in Claim 18 wherein said tank is adopted to

contain about 90 galtons of said second liquid.

20,  The apparatus as defined in Claim 18 wherein said roughs have two open
ends located at the longitudinal ends thereof and said gutter means includes two
gutiers respectively associated with the ends of the troughs for receiving said

second Hquid from the troughs and supplying it 1o said tank.



24. An apparatus as defined in Claim 22 or Claim 23 wherein said troughs extend generally parallel to
each other in said layers with the maximum lateral spacing between troughs being less than the
maximum width of the troughs. 25. An apparatus as defined in Claim 22 or Claim 23 wherein said
troughs are V shaped in transverse cross-section. 26. An apparatus as defined in Claim 22 or Claim
23 wherein said troughs are U shaped in traverse cross-section. 27. An apparatus as defined in Claim
25 wherein said openings in said support plate structyres have edge portions generally
complementary to the surfaces of the troughs they receive. 28. An apparatus as defined in Claim 25
wherein troughs in alternate layers of the watéSGligetiig idans are vertically aligned. - 26 - SUB
STITLI E PAGE 29. An apparatus as defined in Claim 28 wherein said vertically aligned troughs are
connected by a vertically extending web therebetween, 30, An ratus as defined in Claim 28
including means ass%l:‘iate%?ﬁ?%%%ﬁ%fi SHEGF t’iélfrtlar\]/\?e{’rrIg\lf}clanrls?tc%g ggﬁ%ﬁ%g{ﬁg o Closing the space
between adjacent troupislippseivimiudiage driénlagie Foptrsrith & Teh IpHE AR IscoRMAYi®Or opening those
spaces when the fangngans.isi©mdpHgsponse to air flow caused by the fan means.

22.  An apparatus as defined in Claim 18 wherein said water collection means
includes a pair of trough support plate structures having openings therein for
receiving said troughs; said support plate structures being longitudinally spaced
from each other along the lengths of the woughs, and said troughs and support plate
structures have cooperating means formed thereon for securing the troughs in said

openings.

23.  An apparatus as defined in Claim 18 therethrough wherein said openings
are sufficiently large to allow air (o pass from one side of the plate structure to the

other even when a trough is filled with liquid.

24, An apparatus as defined in Claim 22 or Claim 23 wherein said troughs
extend generally parallel 1o each other in said layers with the maximum lateral

spacing between troughs being less than the maximum width of the troughs.

25. An apparatus as defined in Claim 22 or Claim 23 wherein said troughs are

W shaped in trapgverse crogs-section.

26. An apparatus as defiped in Claim 22 or Claim 23 wherein said troughs are

U shaped in traverse £ross-5eCtion.

27. An apparatus as defined in Claim 25 wherein said openings in said support
plate structures have edge portions generally complementary to the surfaces of the

troughs they receive.

28. An apparatus as defined in Claim 25 wherein troughs in alternate layers of

the water collecting means are vertically aligned.



31. An apparatus as defined in Claim 25 wherein said support plate structures include surface rib
means adjacent the opening therein positioned to direct any of said second liquid on the plate to the
layer of troughs therebelow. 32. An apparatus as defined in Claim 26 wherein said support plate
structures include surface rib means adjacent the opening therein positioned to direct any of said
second liquid on the plate to the layer of troughs therebelow. 33. An apparatus as defined in Claim 25
wherein said support plate structures each comprisexat least two plate elements of substantially
identical shape having opposed ends adapted to abut one another and means for securing said
abutting ends together. 34. An apparatus as d&ined i ICrair25 wherein said support plate structures
each comprise at least two plate elements having opposed ends adapted to abut one another, said
Opposed ends each hgving,C oML AN eR St SRl RARKE AN, SRR enas are
abutting form an opening for a f’roug and said cooperating means on salc?lt%oug and plates secure a
trough therein and th&conttirief prateertcybtherndse Kep ApFaratieras defined in Claim 34 wherein said
plate elements each have at least one pair of said cutout portions fothied therein. SUBSTITUTE
PAGE 36. A water cajlecton and aikdiffusingdavic-for usuimeanling.tewers and fluid coolers
comprising a plural_ltyleoftlgl}/eeor_ ,cqntaining a pélél{@g%mg gngggglqﬁgly 8@@&9&% Separate troughs for
collecting liquid falling from above the tlyoug%s, said froug%s in said layers being Spaced laterally from
each other to provide'aigdasages e e dn thebirad Beng et Am) O IsRAFEIHE troughs above or
below them with the #aughain at leasi:somealiterspiaday et beingsnl gerneraliywertical alignment with
one another; said troughs each having at least one open end; and at least a pair of trough support
plate structures hav"?’;? Opeﬂ@%% gsrgsl?iggéercﬁ% YaIng %%etr%%’l ‘%pdssu Bc')gl %H%%%c%%ge structures being
longitudinally spaced from each other along the engt%s of the troughs and said troughs being
removably mounted iiﬁ“%‘&i%lS%@ﬁiﬁ‘g%‘f’%ﬁ&@W%@Wﬂ%ﬁ’éﬁ’ﬁ?&bﬁﬁ?@%ﬁﬁﬁgﬁﬁ%ﬂF;?ya?lgof the liquid falling
from above the troughsdanedifitse @irenitosmlhwhen deavigi thedigvice. 37. An apparatus as
defined in Claim 36 wherein said trough and support plate structures have cooperating means formed

thereon for removably,securing,{he, Qg SAASPRNIAGR:. 30 A ARRRIRLAAgLefined in Claim 37

therethrough wherein Said openings are sufficiently large to allow air to pass from one side of the plate
structure to the othersfeds s Ehreraghirridhfmpegfferein positoned to direct any of

said second liquid on the plate io the layer of troughs therebelow.

33, An apparatus as defined in Claim 25 wherein said support plate structures
each comprise at least two plate elements of substantially identical shape having
opposed ends adapted to abut one another and means for securing said abutting

ends together.

34.  An apparatus as defined in Claim 25 wherein said support plate structures
each comprise al least two plate elements having opposed ends adapted to abul one
another, said opposed ends each having cutout portions formed therein which,
together, when said ends are abutting form an opening for a trough and said
cooperating means on said trough and plates secure a trough therein and the

abutting plates together.

35.  An apparatus as defined in Claim 34 wherein said plate elements each have

at least one pair of said cutout portions formed therein.



39. An apparatus as defined in Claim 37 or Claim 38 wherein said troughs extend generally parallel to
each other in said layers with the maximum lateral spacing between troughs being less than the
maximum width of the troughs. 40. An apparatus as defined in Claim 39 wherein said troughs are
V-shaped in transverse cross-section. 41. An apparatus as defined in Claim 39 wherein said troughs
are U-shaped in transverse cross-section. - 28 - SUBSTITUTE PAGE 42. An apparatus as defined in
Claims 36, 37, or 38 including means associated witl1 at least the lower layer of said troughs for
closing the space between adjacent troughs in response to air flow between the troughs. 43. An
apparatus as defined in Claims 36, 37, or CI&fRH&MhERNBaid support plate structures include
surface rib means adjacent the openings therein positioned to direct any of liquid on the plate to the

layer of troughs therebelow. 44, AN BpPARINS A8 HENEUJRCIAIMS 3n SRk Glaim 38 wherein said

support plate structures each comprise at least two plate elements of substantially identical shape
having opposed endSustrapted W REHPO MR YHEHE I HAY HEARNESSPLEHFIAG said abutting ends
together. 45. An apparatusnakydefinéidgre@iaims86; 87 coiGlagm(38 Wwhepdmmsalidvsupport plate

structures each compisg.ahleast twaRlate.elemenis hayirsonpesessendsadapigd to abut one
another, said opposed ends each havirtlug cu&outgp rtions fooaﬁlled&her in which, gogether, when said
'}6 T1 1y O s

ends are abutting, oA 5 BHENTRS TOF 5 ¢t from the trou

he C}uem dater ,
ugﬁ an dafd coopera Ing means on said trough and plates
secure a trough thereinvarobthevabatting phatesaegetidgest some altemate layers being in

generally vertical alignment with one another; said troughs each having at least one
open end; and at least a pair of trough support plate structures having openings
therein for receiving said troughs: said support plate structures being longitadinally
spaced from each other along the lengths of the troughs and said troughs being
removably mounted in said openings, whereby said oughs capture substantially
all of the liguid falling from above the troughs and diffuse air uniformly when

leaving the device.

37, An apparatus as defined in Claim 36 wherein said trough and support plate
structures have cooperating means formed thereon for removably securing the

troughs in said openings.

38. An apparatus as defined in Claim 37 therethrough wherein said openings
are sufficiently large to allow air to pass from one side of the plate structure to the

other even when a trough is filled with liguid.

39. An apparatus as defined in Claim 37 or Claim 38 wherein said froughs
extend generally parallel to each other in said layers with the maximum lateral

spacing between troughs being less than the maximum width of the troughs.

40.  An apparatus as defined in Claim 39 wherein said troughs are V-shaped in

fransverse Cross-section.

4].  An apparatus as defined in Claim 39 wherein said troughs are U-shaped in

transverse cross-section.



46. An apparatus as defined in Claim 45 where said plate elements each have at least one pair of said
cutout portions formed therein. 47. A compact cooling tower comprising a housing, an evaporative
cooling pad mounted in said housing, liquid distribution means located above said evaporative cooling
pad for distributing a liquid on said evaporative cooling pad so that said liquid gravitates downwardly
through said evaporative cooling pad; fan means located below and beneath said evaporative cooling
pad for blowing air directly upwardly through the evaperative cooling pad thereby to cool said air; a
water collection and air diffuser means in said housing below the evaporative cooling pad including a
plurality of layers of separate liquid collectingUBS§ITSUBEHF UT E PAGE troughs for collecting the
liquid falling from said evaporative cooling pad, said troughs in each of said layers being spaced

aterally from each oger lo,RiI.21 Aassadee sivaes; PR ApdARING.AIeAl.afset from the

troughs in layers of troughs above or below it whereby said troughs capture substantially all of the
downflowing liquid in*#EAtGAR IS St %i“ﬂﬂﬁtﬁlﬂﬁ rlrsion % W&F&VW&W‘W@“&W leaving the
water collection and @irgiffusisponseans: dnd emterm@esaidzsheat exchanger; said troughs each
having at least one open end; and gutter means in said housing for receiving said liquid from the at

eastone open end o the uels 43, e aapetuses efiregin Clim A Zinallno an exera

liquid collecting tank means adjacent said housing for receiving said liquid from said gutter means.
plate qt:ructures include surface rib means adjacent the openings thergin positioned

to direct any of liquid on the plate to the layer of troughs therebelow

44, An apparatus as defined in Claims 36, 37, or Claim 38 wherein said support
plate structures each comprise at least two plate elements of substantially identical
shape having opposed ends adapted to abut one another and means for securing

said abutting ends jogether.

45. An apparatus as defined in Claires 36, 37, or Claim 38 wherein said support
plate structures each comprise at least two plate elements having opposed ends
adapted to abut one another, said opposed ends each having cutout portions formed
therein which, together, wher said ends are abutting, form an opening for a trough
and said cooperating means on said fough and plates secure a trovgh therein and

the abutting plates together.

46, An apparatus as defined in Claim 45 where said plate elements each have at

least one pair of said cutout portions formed therein.

47. A compact cooling tower comprising & housing, an evaporative cooling pad
mounted in said housing, liguid distribution means located above said evaporative
cooling pad for distributing & liquid on said evaporative cooling pad so that said
liguid gravitates downwardly through said evaporative cooling pad; fan means
located below and beneath said evaporative cocling pad for blowing air directly
upwardly through the evaporative cooling pad thereby to cool said air;

a water collection and air diffuser means in said housing below the

evaporative cooling pad including a plurality of layers of separate liquid collecting



49. The apparatus as defined in Claim 48 wherein said tank means is located laterally of said fans. 50.
The apparatus as defined in Claim 49 including pump means connected to said tank means and to
said liquid distribution means for pumping said liquid from the tank means to the liquid distribution
means. 51. The apparatus as defined in Claim 50 including means for connecting said pump means to
said tank means for conveying said liquid from the tank means to the pump; said connecting means
having a first end connected to the tank means and ® second end connected to the pump means at a
lower elevation than said first end. 52. The apparatus as defined in Claim 50 or Claim 51 wherein said
tank means has a tapered bottom including &' WBaiT HOIE foealed at a lower level than the connection of
said tank means to the pump means. - 30 - SUBSTITUTE PAGE 53. An apparatus as defined in

Claim 47 wherein sajd waier collecienneans.glacs atleast AnAL AffioHanarppont pate

structures having ope{r}llﬁgs(ff]erelnl%r receiving sai

troughs; said plate structures being longitudinally

spaced from each otierhiénepthe' et rEarBiGALesly AR A ARETAR A& in Claim 53
wherein said troughgasgplateysiruiatures haue lcoofieratingmednsforhaed theredn for securing the

troughs in said openings, 58, An,apRarals.25,dafineddn Claim Bfharairaughwherein said

openings are sufficiently large to allow air to pass from one side
when a trough is fill e%ow}ﬁ?wwiagmd in the tower and prodace a umform

IR

te strgcture to the other even
upwardly

flowing air leaving the water collection and air diffusion means and entering said

heat exchanger;

said troughs each having at least one open end; and gutter means in said

housing for receiving said liquid from the at least one open end of the troughs.

48.  The apparatus as defined in Claim 47 including an exiernal liquid collecting

tank means adjacent said housing for receiving said liguid from said gutter means.

49. The apparatus as defined in Claim 48 wherein said tank means is located

taterally of said fans.

50.  The apparatus as defined in Claim 49 including pump means connected to

said tank means and to said liguid distribution means for pumping said Lquid from

the tank means to the liqeid distribution means.

51.  The apparatus as defined in Claim 50 including means for conpecting said

pump means to said tank means for conveying said liquid from the tank means to

the pump; said connecting means having a first end connected to the tank means

and a second end connected to the pump means at a lower elevation than said first

end.

52.  The apparatus as defined in Claim 50 or Claim 51 wherein said tank means

has a tapered bottom including a drain hole located at a lower level than the

connection of said tank means to the pump means.



56. An apparatus as defined in Claim 53 or Claim 54 wherein said troughs extend generally parallel to
each other in said layers with the maximums spacing between troughs being less than the maximum
width of an individual trough. 57. An apparatus as defined in Claim 56 wherein said troughs are V
shaped in transverse cross-section. 58. An apparatus as defined in Claim 56 wherei.n said troughs
are U shaped in transverse cross-section. 59. An apparatus as defined in Claims 53, 54, or 55
including means associated with at least one of the fower layers of troughs for closing the space
between adjacent troughs in said at least one layer when the at least one fan is off and for opening
those spaces when the fans are on in respor¥s& i o A¢dused by the at least one fan. 60. An
apparatus as defined in Claims 53, 54, or 55 wherein said support plate structures include surface rib

means adjacent the gpenings shereln,posionec (g, 134 SHESTILLTIS PAGE digeting any of sai

liquid on the plate structure to'the ayer of troughs therebelow. 61. An apparatus as defined in Claim
53 wherein said suppH{sidestt daiT e BLEh EBAHASE SFITHLE RAY T8 SPEMEEHIEHS of substantially
identical shape havirig eppesed:endsgadaptédiie abutuonedndtheiaind!inesmsiforsecuring said

abutting ends togethgdrch other along the length of the troughs.

54.  An apparatus as defined in Claim 53 wherein said troughs and plate
structuzes have cooperating means formed thereon for securing the troaghs in said

openings.

55.  An apparatus as defined in Claim 54 therethrough wherein said openings
are sufficiently large to allow air to pass from one side of the plate structure te the

other even when a (rough is filled with liquid.

56. An apparatus as defined in Claim 53 or Claim 54 wherein said troughs
extend generally parallel to each other in said layers with the maximums spacing

between froughs being less than the maximum width of an individual trough.

57. An apparatus as defined in Claim 5% wherein said troughs are V shaped in

fransverse cross-secton.

58.  An apparatus as defined in Claim 56 wherein said troughs are U shaped in

transverse cross-section.

50. ‘An apparatus as defined in Claims 53, 54, or 55 including means associated
with at Jeast one of the lower layers of troughs for closing the space between
adjacent troughs in said at least one layer when the at least one fan is off and for
opening those spaces when the fans are on in response to air flow caused by the at

least one fan.

60.  An apparams as defined in Claims 53, 54, or 55 wherein said support plate

stractures include surface yib means adjacent the openings therein positioned for



62. An apparatus as defined in Claims 53, 54, or 55 wherein said support plate structures each
comprise at least two plate elements having opposed ends adapted to abut one another, said opposed
ends each having cut out portions formed therein which, together, when said ends are abutting form
an opening for a trough and said cooperating means on said trough and plates secure a trough therein
and the abutting plates together. 63. An apparatus as defined in Claim 62 wherein said plate
structures each have at least one pair of said cut ougiportions formed therein. 64. The apparatus as
defined in Claim 7 wherein the troughs in at least the lower layer of troughs include a main trough and
means for collecting liquid moving downwardlyor thé'dutéfSurfaces of the main trough and
conducting such liquid to said gutter means. 65. The apparatus as defined in claim 64 wherein said

means for collecting uid ovipg, AONIMAIN AR, QUIeT uITages Aldhgmain trough comprises a

smaller trough secured to and suspended below the lowest part of said main trough. 66. The
apparatus as definedfesfafn 64 wherein all troughs in all layers thereof include said means for
collecting liquid. 67. The apparatus as defined in Claim 22 wherein the troughs in at least the lower
layer of troughs include a maipdreughsantreansiorssolleatinglicuitor 3k SUBSE TUTE PAGE

moving downwardly gn,the auter SUrfaces Al0e.MANLeHARANY SENAYCHRG SaR IIquid to said gutter
means.
opposed ends adapted to abut one another and means for securing said abutting

ends together.

62.  An apparatus as defined in Claims 53, 54, or 55 wherein said support plate
structures each comprise at least two plate elements having opposed ends adapted
to abut one another, said opposed ends cach having cut out portions formed therein
which, together, when said ends are abutting form an opening for a trough and said
cooperating means on said trough and plates secure a trough therein and the

sbutting plates together,

63, An apparatus as defined in Claim 62 wherein said plate structures each

have at least one pair of said cut out portions formed therein.

64.  The apparatus as defined in Claim 7 wherein the roughs in at east the
lower layer of troughs include 2 main trough and means for collecting liguid
moving downwardly on the outer surfaces of the main trough and conducting such

liquid to said gutter means.

65.  The apparatus as defined in claim 64 wherein said means for collecting
liquid moving downwardly on the outer surfaces of the main trough comprises a

smaller trough secured to and suspended below the lowest part of said main trough.

66.  The apparatus as defined in Claim 64 wherein all froughs in all layers

thereof inciude said means for collecting liguid.

67. The apparatus as defined in Claim 22 wherein the roughs in at Jeast the

lower layer of troughs include a main trough and means for collecting liguid



68. The apparatus as defined in Claim 67 wherein said means for collecting liquid moving downwardly
on the outer surfaces of the main trough comprises a smaller trough secured to and suspended below
the lowest part of said main trough. 69. The apparatus as defined in Claim 67 wherein all oughs in all
layers thereof include said means for collecting liquid. 70. The apparatus as defined in Claim 37
wherein the troughs in at least the lower layer of troughs include a main trough and means for
collecting liquid moving downwardly on the outer surfaces of the main trough and conducting such
liquid to said gutter means. 71. The apparatus as defined in Claim 70 wherein said means for
collecting liquid moving downwardly on the ctit&SSiFtadER dfthe main trough comprises a smaller
trough secured to and suspended below the lowest part of said main trough. 72. The apparatus as

defined in Claim 70 whereira all troyghs in all Ia¥er§_s the %%'Jf incltgde aio(l1 means for cQIIecting liquid.
MOVIRY JOWIW; ¥ On OMEr SUrlaces o € Ialn. (rougn and can ng suc
73. The apparatus as defined'in' Claim 47 wheréin the roughs in atTeast eulcom%rufayer of troughs

include a main trougH&ifdMmEaEEFRSMEdRecting liquid moving downwardly on the outer surfaces of the
main trough and conducting such liquid to said gutter means. 74. The apparatus as defined in Claim

73 wherein said meags forgeligstingsliguid:meving.dowrmiaidiysamHhgmorekawidaces of the main
trough comprises a ﬁf‘ma' < tJD‘J%E‘ 3S54IEY fo.and sushended below the lowest part of said main
trough. - 33 - SUBS HOTEPA Y ‘ & I

smaller trough secured to and suspended below the lowest part of said main frough.

69.  The apparatus as defined in Claim 67 wherein all troughs in all layers

thereof include said means for collecting liguid.

0. The apparatus as defined in Claim 37 wherein the froughs in at Jeast the
fower layer of troughs include 2 main trough and means for collecting liquid
moving downwardly on the outer surfaces of the main trough and conducting such

liguid to said gutier means.

71. The apparatus as defined in Claim 7{ wherein said means for collecting
liquid moving downwardly on the outer surfaces of the main trough comprises a

smaller trough secured to and suspended below the jowest part of said main trough.

72, The apparatus as defined in Claim 70 wherein all trovghs in all layers

thereof include said means for collecting liquid.

73.  The apparatus as defined in Claim 47 wherein the troughs in at least the
lower layer of troughs include a main trough and means for collecting liquid
moving downwardly on the outer surfaces of the main trough and conducting such

Liquid to said gutter means.

74.  The apparatus as defined in Claim 73 wherein said means for collecting
liquid moving downwardly on the outer surfaces of the main trough comprises a

smaller trough secured to and suspended below the lowest part of said main trough.



75.The apparatus as defined in Claim 64 wherein all troughs in all layers thereof include said means
for collecting liquid.
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75.  The apparatus as defined in Claim 64 wherein all troughs in all layers

thereof include said means for collecting lquid.



