TI TLE DI RECT FORCED DRAFT FLUI D COOLER/ COOLI NG TONER AND LI QUI D COLLECTOR
THEREFOR Thi s application clainms the benefit U S. Provisional Application
Nos. 61/ 298,208611098bed March 3, 2009; 61/217,822, fil ed Pumas2010288% and
61/ 270,723 filed July 13, 2009, the disclosures of which are incorporated
herein by reference. BACKGROUND OF THE | NVENTI ON [ 0001] The present
invention relates generally to direct forced draft fluid cool ers/cl osed

| oop cooling towers and/or conpact cooling towers and nore particularly to
an inproved air diffusing water drainage collection systemfor such cool ers
and towers. DESCRI PTION OF THE PRI OR ART [0002] Conventional types of

i ndustrial cooling towers include so-called counterflow towers wherein
water or other liquid falls or is sprayed dowward in the tower counter
flowto air nmoving upwardly in the tower, in the opposite direction. Such
systens are used for a variety of applications including water air
scrubbers, dust collection equipnent, air cooling towers, evaporative
coolers, fluid coolers or closed | oop cooling towers, evaporative
condensers or the like. Typically such industrial cooling towers are quite

| arge and pernmanent installations which include very |arge bottom sunps to
collect the falling water. [0003] Sone relatively small towers for such

pur poses have been built which are transportable, for various applications,
such as small rooftop towers. For exanple, U S. Patent Nos. 5,227,095 and
5,487,531 issued to Harold D. Curtis, disclose individual nodul ar towers of
a size that can be readily transported, prefabricated at a factory, and
then easily assenbled at a field site fléTpEovi de the capacity required by
the particular water/liquid cooling or treatnent project at the site. The
systens disclosed in the Curtis patents have a fan or fans for supplying
air to the t owDARESCRFORCEDIDRAFG FlotIDICOORERIGErODENGWOWER AND

evapor ative cooling nedia, DIQUIDWOLIBCETOR THEREFORe fans force air
directly upward in the

This application claims the benefit U.S. Provisional Application Nos.

61/208,995 filed March 3, 2009; 61/217,822, tiled June 5, 2009; and 61/270,723

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

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to direct forced draft fluid
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.



tower. These systens are referred to generally as direct forced draft
counterflow cooling towers. [0004] Another nodul ar type of direct forced
draft couwbenfdxveseool i ng tower with bottom fans is di secwasdoion249as ent No.
5, 545, 356. [0005] Each of these systems uses a |large water or liquid
col l ection basin, sunp or reservoir to collect and contain the circulating
wat er for the system These basins or sunps are typically very |arge
because they have to contain enough quui d to charge the system including

al | associ ated pi pi ng.. Because the ocess I|qU| d (often, but not always,
water) in theb@icallysachingptyial scephlbg é‘r%?rF quiieilase 4@(11‘3“8?1?%r ne particles,

such particlg stm4t10n§§5cégﬁPaua 3y U1 BARINSumSUTRSIA AERRAIE 48 whi ch

t hen have to e erio rge volume of liquid in the

system du rrpec[DO(B]e&mdredntndlmmﬂbt@wfs fot suobspslepmag hzsfuéhelbhlsltwdnclsamps and

reservoirs becone | naI .sedi nt basi n% Clﬂ ?SI ns are_mai nt enance
S

i nt ense and r@&ﬁ?% q{é’ta‘ém‘fsoapé’ Upongnge BV HEd ¥pace to

per form cl eaniagipleU. . Rt NBs 19,7187 d93aunkl & 459, 3591 iskiBd &f HhiloftbdChisel f may
require water or chem cal treatment rather than disposal, further adding to

costs. Moreowdsclose h@lVldll@lrfeOCbﬂarltDYS{@nS of R sizs @l C@l}/b@ @ﬁéﬂjgtré@pbl;ied ncreases the

wei ght of the system Leases r 0of t 0006 ) addi tion
to the issued'® %gnea d?ﬁ[:}ntfIal Oré/nan |ha’rl11|ea oalsSuerrrnebcfgdn%‘1t gdsl%g%ea pro 1ef\:/llousl y

proposed tO\Aﬂfaﬁ&y@trecﬁfﬁreﬂa)\y&hélp&rtlaﬁlﬁﬂwaﬁeﬂhquladdblﬂﬁgs@drdahﬂer@lpf-ﬁ}écﬁ@ft ot air
diffusion by their respective liquid collection systens. Cenerally,
cool i ngt over sit6r The Rusersodinglossd ip giadrwtis prents hayan Bar dins)forppbithcy | s

determ ned by,;nGW L., L&ﬁte&'?ﬁ HEWHoRImATthd Bl BEdwhi Qllé%p?%ﬁ@&om ng

liquid. The fans I n suc stens are, of course, roun air is not
evenly di str|douhﬁzglmdlrapmshqulndacctcﬂmgrcoﬂedn& fans Eireemﬁﬂﬂ‘ﬁecs]iynmatdrm thans do not
deliver a balanced_air flow Thus, exa in_the 3 tens djsclosed in
U.S. Patent NBYS SThwsersyytansqigralcnesiomsior b%iilé?qtfgr%ﬁ raﬁrcawvt %% ongat ed
col l'ection plabgs. R&rused in the liquid collector which are sloped and
overl ap. These pl ates limt, if not block off, air flow on the wall areas
of the tower [ﬁ%ﬂ]céustbeltmedldmrtyp@oﬁdltat fetrével dridt kouwrgaiflay awoling tower

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

[0005] Each of these systems uses a large water or liquid collection basin, sump
or 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
liquid (often, but not always, water) in these systems will scrub the air and collect
airborne particles, such particles will settle 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
liquid in such systems greatly increases the weight of the system and thus
increases rooftop loading.

[0006] 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



heat exchange fluid cooler coils above it, at an angle which forces nuch of
the air to one side of the tower or housing. |Indeed, these collection

pl at es arwotypiaedsby supported in the tower housing by tPrransiensesosupport
menbers or plates which will block or3limt air dispersion through them and
prevent |ateral dispersion of air between them These factors significantly
affect the quality and dispersion of the air entering the tower and thus
reduces thermal perfornmance of the tower. OBJECTS OF THE | NVENTI ON [ 0007]

It is an object of the invention tqQ provide an inproved transportable
cool i ng t owerlOXRHPHPhET {Arers ebtvests Wksstiwiheoplgtso sificasy redeteB)ieet Yof t he
i nvention is y{Q, REOW indF RYRRe@Withdhd USRS L@ e ¢glsligct 1 on
system for usegfﬁ ofgggﬁg?é¥¥'coo anﬁaomergéaﬁﬁﬂ??dédcooFerglmhich
i ncreases persuor mpnes aadfcediseasumbant thaam¢enaesedy dis0nedd Ardssrtheher

object of the invention is to provide |ow prof.ile, transportable cooling
Cowers and/ ono¥FUnEEgbFsen e e ey fin Bl ke bl regL LR b hal™ Feducos
liquid | oads fyfeytd 1@,%%&@%@@%6@5@1&&& AlES. PABRANGY5209/005 ahd qui d

repl acenent. SUMVARY OF THE | NVENTI ON [ 0010] In accordance with an aspect

of the presert487adm ploralibyoel pwdiel plongatedied fsotiomblates etsolsedgp thowserisl and/ or
fluid cool ers/¢lased | pg ool.ing towers.are djsc¢lose i ch i.hcl ude a
novel wat ot/ |CHETY WAl G P L PSR Bl o Bl or “ror o

fans in the aseo@thetvidl iroxvedt thotbSiedgnd ddice tHeQi @ ea @k HRU1DMeoT, bihe
invention is positioned belowthe fill nedia in the tower or the heat
transfer coi Ihsapfxchrert|uid goddeygiods abeve i @f peetde whishifaises BuEl ohthe agt t he

liaquid 1o ‘ . ‘ C : h
o an i nt or naf ‘Bt Rap oyt dr L RE T kb OR P LoRRULE S L BRRAY: 4% o7an
external col [sappored it @rkiotveohousirigdly tidnevdricjstipgott snanefers trgdatbowhied t op of

the tower. The_liquid collector js also constructed io di({,fuse air fromthe
1

fans across t'H RIS H 1onit pindispeinon tierah gim and Reysbraterak 4R PO o t hat

air flow thr Oa‘i'%tﬁ% thi! THES BeBFs stﬂgﬁﬁcatn'El?'&?ffe&rthéﬁbahﬁ bt $i9pdrQbfor [ 0011]

In accordance wth another aspect of the pfesent invention, the low profile
t ransport abl ehecaiokntagng twepseczand/thus felluded theombkepestonavecean textosenal

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.
[0009] 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] In accordance with an aspect of the present invention low profile,
transportable cooling towers and/or fluid coolers/closed loop cooling towers are
disclosed which include a novel water/liquid collector/air diffuser system located
above one or more fans in the base of the tower housing. The liquid 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



water/liquid collection tank which holds a relatively | ow volunme of liquid
| aterally of the fans and which is easily accessible for cleaning. [0012]

I n accor dmoeeimitbdsoa further aspect of the present inverCiras2aéomadoes/|iquid
collector and air diffuser for use in4a |low profile transportable cooling
tower and/or fluid cooler is provided which is forned froma plurality of

el ongated V or U shaped laterally spaced troughs which formor define
channels arrayed in a plurality of layers. The troughs in each |ayer are

of fset fromthe troughs in the Iaéers above or below it to capture

subst ant i al | yh&fifl og8GHtRBHEReP1lsigadyesth themamesaap it nplr BVt Er Shlidt-ant i al |y
a 100% conpl RBfI&d & 1iRRY WEE e tdifall dolibedrdhik £ tn gxchanger
and the fans%vﬁfq{\g&dg?}{) Sci ngta llj(ﬂﬁ orm (i{tf fljsioonct([)B?l aI?kr ?]flgﬁmﬁng upwar dl y.
[0013] The wdiquuid isireuingdd¢otheaop phihe sywtre Mhefliquitecollastentsiatse coastrseedut i | i zed
i n equi prent ter scrubbers, dust col Iﬁ‘cti on ecl#)i? ment ,

cool i ng tomertgl,zlﬁ: Vgégﬁg‘}ql\t}?afl@aso*fcé‘?s§,hefwﬁﬂbo Gt thigyah g 5y condensers

and any equi paRPfurd RAthattil hw @solet @ O mady o} héddndrbiiof s fOinifsmubbi ng,
cl eaning, or evaporative cooling. Al though the systemis described for use
wi th | ow prof[00H It hasspdpncgbyich ansshdragpeconkeths peasetonvehtign.ghetsot ers, t he

col lector/air_dispersion, systemcan be used.with a tvpe  of system
el udi no. - ndsaBaur i R FRR B B de AR AP Eha B 1

addi tion to cedtbeduidgolidketio®fank MehicongIEPNTgivielyddivd, dllite bf yi@ col | ection
system provides a | ow pressure neans for the air to flow vertically up
bet ween t he |1pgually of gha faet anshwhieh istasilyperessile ferdeandgl i ng nedia or fluid
cool er coil i . i AV
posi t1 oned t 300 el HERJANAG » HRLEL ARl R NG LE LRI PRUARMY, (|
t hrough the fdollbctoedidaiodiffasatfoexehander profiie traispuile eodfngttbeecol | ect or

i spor se. 1 he B k] Sools bisaicad MIGH IrERB e p B Ap o EBIERGN S xt ur .
o0 oot LY U i pramncn, g fechogh Splengsy o
si gni fi cant pleskyrd laeop Hoertosshs heeacbldyec teroffsanfedrs theTiaghs in the

layers above or below it to capture substantially all downflowing liquid in the

tower to provide substantially a 100% complete wet/dry barrier between the fill

media or heat exchanger and the fans while producing a uniform diffusion of air

flowing upwardly.

[0013] The water/liquid collection system of the invention can be utilized in

equipment such as water air scrubbers, dust collection equipment, cooling towers,

evaporative coolers, fluid coolers, evaporative condensers and any equipment that

utilizes water or any liquid fluid for scrubbing, cleaning, or evaporative cooling.

Although the system is described for use with low profile transportable cooling

towers and/or fluid coolers, the collector/air dispersion system can be used with

any type of system, including those having conventional bottom sumps and

basins.

[0014] 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



present invention will reduce the pressure drop as conpared to the existing
technology. This wll further increase thermal perfornmance of the heat
exchangerworzompabdsng t ower. Mreover, the liquid coll ecror/isysiemoed the
present invention can be produced nmuch nore econom cally than the present
technol ogy. These advant ages are achi eved regardl ess of where the coll ected
water is ultimately directed or contained. [0015] As a result of the
structures of the present invention the use of sunps, basins or reservoirs

bel ow and arqund the bottom fans of the towers can be elininated, thereby
further redudfSigPRAESYENY IR uiogmedignfrseahe fle ThisgEsades aiRFE BPSo reduces t he
cost of manufgdilfd Moo i{igidAkde, difhiAdHinliRPBroifenheihdl bbb AR
external |iqui lcoﬁﬁggtgbh taH§E1é érgﬁﬁylo niﬁgg?an oPéfans Feguces t he
amount of prdeesschangei dr coedidedowar. theddyst, prevasustoproposed ligoidconvent i onal

arrangenents in which collections basipn are belo he fans. Wth the
o eoame T versilleiOi iy S QR ienBre R iR o hgofns taldhs b0t cHhdind' pr ovi de

suf ficient pymehe@dedtRnRii@EMice REpBIR: dropaY 6aMpdrad idWlle bRishgeded. [0016]
Utilizing the liquid collection/air diffuser systemof the present

i nvention wi ttechingloggd Thisafill faithergpereasagharmat parfirmgnécaeisherbent exchangert he

bottom of the towers provides seyeral ;advaniages. fﬁl%ﬂres'éh{i%t ntlope fans
oper at e out siG&°9 gttﬁ Vet red Vet sy%utlem and. el 8w € 't ower §%ructure

whi ch thus praah®efpsodubed hads morodBohbiBidady tiaal thebesdntehndibpy Teakur e

greatly reduces fan mai ntenance cost and extends the fans' serviceable

life. Also, tadsantages agg wchigyedsegiapliess ghwherrthe eolisstod water ianlingttelyenoved from
bel ow the uni{ Wi he,need for service personnel to enter the

envi ronment al §%%g?$?%ﬁ%9§imetted areas of the equipnent. This feature wll
al so great |y [D@LR]cAs na¢snitefidrcerucmsds itk protene kposworsthe vkce gparpsonnel to

any unnecessary. health rjsgs. [0818] econd, by facilitating the use of
bot t om mount eWSNEARETFHROKERUOY FAd ATqund Hehattony{#pe PEtha AW ers FAhbenum chanber s

| s elimnat eqREEALS endbg ful @b &tﬁﬁééhg%ihgfgh%xﬁ §BIHE & HS BvdneTipf | owi ng

air. In addition, the ﬁelght of

also reduces the cost of manufacturing the units. In addition, the utilization of an
external liquid collection tank laterally of the fan or fans reduces the amount of
process liquid needed in the system as compared to conventional arrangements in
which collections basin are below the fans. With the present invention only
sufficient liquid to charge the system and provide sufficient pump head to prevent
the pump from cavitating is needed.

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

[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 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 louvers and air plenum chambers is eliminated because the liquid



equi pnrent will be reduced because the plenum chanber and air intake |ouver
have been elimnated. The air then is drawn from bel ow the equi pnment in the
space betwoeanigihessnooft op or ground | evel and the fans. pPCmUS2010@24329 ON i N

t he hei ght and wei ght of the equipnment will further reduce manufacturing,
shi ppi ng and hoi sting cost. [0019] Third, bottom nounted fans are nuch nore
efficient than either top or side nounted fans. Wien noving airflowinto a
square box with a round fan it is challenging to nake sure the cooling
medi a has adequate and uniform airf|ow coverage. The air sugPIied to towers

havi ng top orco8fonyetameti s shanpitowing airs Fogdditinn, ssreight pbthger t i cal

i mredi ately | J i i r the

bot tom of 1 he e R P B S R e e o

bot t om nount duvé hern @intinated.i fhesit dotniindiahva fope belopabe efpepmertrintiee gr ound or

rooftop levels and the fan. .The air kes i O degree.turn.as it enters
the fans, - Thapidh oy rabe Fiaf@Par Bip il o thie s ind areitadt ends t o' move
toward the cepig aff wbiR@t b the cqBpSEAAIH] LRAKGABYRBIh ARlcndSt fippihbat type
of air flowtends to create a void around the perineter of the cooling

tower. This iaddgstinacpdrt to the difficulty that the air encounters in

maki ng the ni Qf fl}? e turn fromlateral .notion.t.o vvar.g][ tion.
Further, the DARY BFR-RGteda ab iy ooda ety Bius dicifu e b BP it e of

the towers angidhognted fanof WHae nadvind digvewt B1a6ls sqrd baxeith hevaidrah vgs cent er
of the fill nedia. Wth the present invention, the fans_Prodee a very
vi gor ous bl asthallgngiig togeakiersgte theeoqligancdia bes aseqeaieand wufaamedrtiostct or and

the fill or h:%@%ra 5%@%@%}1&:& toaBgr)éF‘s ﬂatvingi t8%§f {iﬁ&hoﬁﬁ@ééf%ﬂ)}q?fst RifSsuri zed

pl enum so t hat egatlve orm di spers e upwar owmng air is
provi ded. Thusorh heribeitd] eonemivaitimehddand y priocivcs taingoheceilink eheelivt argi r t 0

i d rixurg SIS EAOALTR ChECem) peLioumnge [o020) In
ST e | o MIFSEASE. fhokleneli oy o plR0GLL e laautcghht | o
or rooftop levels and the fan. The air makes its 90 degree turn as it enters the
fans. That air flows laterally inward under the tower and tends to move toward
the center of the fill material. In conventional systems that type of air flow tends
to create a void around the perimeter of the cooling tower. This is due in part to
the difficulty that the air encounters in making the ninety degree turn from lateral
motion to upward motion. Further, the fans of induced draft cooling towers are
near the center of the towers and thus all of the air flow tends to funnel toward
the center of the fill media. With the present invention, the fans provide a very
vigorous blast 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 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



contain all of the downcoming liquid fromthe tower and directs the liquid
into gutters positioned on one or two sidewalls of the tower or housing.
The gutt ewe 2arce116480sed on one end and cause the |iquid toTfusewoionsoone
direction into theexternal tank positioned at one end of the unit. The
external collection tank of the invention is also advantageous as it allows
conplete elimnation of the water basin or reservoir |ocated beneath the
equi pnent as used in aII wat er cool ed equi pnment. Because these basins
col l ect the downcom ng water or I|qU| ai rborne contaminants in the liquid

col l ect and <&fand t%qlﬂR?Sttwge%atsqnﬁ@ thhedinga dihg extepah collpstiop nk of i odi cal | y
cleaned and apeiReSidHs fa1s86.aa@a eBﬁsempgl?ovgso%tén}%l&Q%h%ﬂtﬁﬁ PHRtwaLSO

maintain a certain vertical depth of I1qui 0 assure adequate punp head
so that cavi thasingm r@i:rxtohdoq:nm:rblsenmﬂhlthmmulmcmras ufe@IOA 2]] Wiy o@ntedr nal tank
has a four-sided sloped or onlcaJ its botton1thﬂ eates a

smal | - def | nec?qglé)é‘Fé‘t s Ssre;PaBISPF C?ﬁelqownﬁi)ﬂnga‘ﬁﬁ%? ter or

l'iquid borne g@&bfdeoMallind¢ fnltBe 110 cbi@ asdBille RS the®Asifl. Tihee s! oped
bottom of the tank. This produces several cost saving benefits. [0023]

First, becaudwsiof thehenwst berperzadicwlysleanebatsbat a, SIgnltf@s:anb@tam@fnameecmi ng the
DSt S o PR S TR b i B 8 1R Lk 2, 006 P PR g the Pottom
of the coll Ion VA 760" d“peri O t manual |y or

aut omat i cal | Yadedﬁh@epiﬁﬁph&&@ﬂhﬁ%a%&ﬁ%ﬁ@l@éunﬁﬂkrm{btaccﬁirﬁndar d drai npi pe
or by other nmeans. In the event that additional cleaning of the collection

tank i s requilPA22]i The exteraaljtpgk hasodoyr-piled Hopestrimontsat #hape atife hottem The
automat i c purtﬂét’l?ea?és t gt @é}hlew]g%e%[)%?er oﬁ&‘ti{ et Ghd g&@f&&ér 8{19 need

to enter the con spaces o e equip c ‘ean an m nat es any
unnecessary Hepmid borné édsd:)rmrwmr};\tttreamas&hzitaknaﬁmﬁmﬂcﬁ ths slopddaicedmbtt the di sposal
of sedinments. [0024] Second, the extern coIIectlon tank only requires a
nlnlnun1anouﬁ?m%fnp?Hﬁpﬂaﬁéeﬂﬁﬁﬂﬁﬁ“?ﬁ@g§§§?gﬁl This feature greatly reduces

the wei ght iopy EOYI RUIENE R*hCAHMALEH Wb £AN VR IsCORAARI AS. As noted
above this liquid nust be periodically disposed of and with the tank of the

i nvention onﬂysm1$emm@awb0ﬂﬂnmmwdlQhuﬁddnmcambepm@p@ﬁpuumabQEmnhéﬂmysten1as

conpared to hcu ﬂggtleon tarﬂ< with a valve on a periodic basis either manually or automatically.
The debris can be disposed of through a standard drainpipe or by other means. In
the event that additional cleaning of the collection tank is required it is easily
accessible by opening the tank lid. The automatic purging of the tank to dispose
of sediments eliminates the need to enter the confined spaces of the equipment to
clean and eliminates any unnecessary health risk or environmental exposure
associated with disposal of sediments.
[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 this 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 liquid

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



gal lons with conventional basins. [0025] A third advantage provided through
the use of the liquid collection systemof this invention as contrasted to
a ground wewveloxaedseh basin is that a nuch | ower punp headtfuseomhesspunp is
required to return the liquid to the Biquid distribution system The punp
need effectively only provide a punp head equal to the differential between
the el evation of the upper level of liquid within thetank and the el evation
of the distribution pipe. Conventional systens on the other hand nust
provi de a punp head fromthe qround_level_at which their catch basin is

located al | t'hek Fsyhepleviand Wppieritplen Bier e MOnBIUICHY YGRS oMKt Ihehe
liquid di Str'1&%%@@%@%@%@@&\}4l%ﬁtfﬁ)%th-gg?lgﬁg&féﬁ%hl‘éﬂ't B S4SH piffy Pr ovi ded

by the punp int esent ‘invention Is ew feet, thus greatly
reduci ng requs tegdtepuatiphergay ap actht yppdrhiost éxserant dedneai whaattiengpid or t he

operator of the .tower as conpared.to conventional induced.draft. towers.
[5026] s wi I BRI FH SRS BEoForr RATRLG oL M DenLe PEAT idre i pbct 1 o ced
draft count erdu@NnSNShebEt fvehtiéh RIoBEENew RYE As Qieally Q¥d leh JTefYir@dvant ages
as conpared to induced draft counterflow water cooling towers which are now

most conmmonl ypuipdeR ¢apacihe Thislisstrapongroga7yings fosthe apeeater dfshatowsy oy
advantage in reduc%ﬁﬂlnltlggnqoqﬁkggg%gqn costs of the nodular units due to

the elininatiGhror t e Wat er basis: P8tVer and the overall hei ght of

the structur g003d1exs alils Be efiteiged FRhADE abatadlscushien, ansdirdte fary@l daft site
built induced draft counterflow cooling towers can not. [0028] Second,

accessi bi | i t yeorntetfpw susiemrefite prgsepé inycatey provideanamyadspiegesel ow the fans
s open all o, afe'a%‘iﬁa‘?lc&fdﬁﬁ%%ﬁﬁt%ﬁﬂv& Q/gfepgé(ﬁ}r[l\(g &F&Q%%hiéil‘élfeﬂowtrﬁgstf an

units of the présent invention cause a very ent 1 npacting on the air
whi ch fl ows wowaneshly nsedhie thwaihetstgol | ector and through the fill material or

heat transfer i.l s thus causing better djstrjbution of the air_ and
better cool | 4_83% iR, @ere 1%'aPw_aﬂréﬁtfwag%éé%emlwépv%w%n &t hr ough
the tower. Th\SoduGPiifsaifdd tﬂe%lfnﬂﬁ&ﬁﬁl%ﬂﬁ@%t&%&hﬂ,@19: Laveraaere the air

flowis in a rather |amnar fashion
overall height of the structure. They also can be prefabricated, whereas the

typical site built induced draft counterflow cooling towers can not.
[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 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 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 is 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.
[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



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

i nproved when using a fan in a forced draft node rather than in a induced
draft nodeo 26wwtibeso, having the fan very close to the fipchr/usedioneabo or heat
transfer coils reduces functional flow pressure |osses of the air again
improving fan efficiency. [0031] In summary, the water collection system
when utilized in water operated equi pnent, offers many cost saving features
as well as eIim'nating health and safety risk associated with water

equi pnent i ncl udin I ncreased t hernmal perfornmance Reduced energy
consunpt i onReducedSRYEwt WitsT votems Aad Wates Pveight ithheieAUiPREnb qui prent  Reduced

wat er and chem Ca'Réd%QéH&th@Pﬁ{cﬁchEﬁ-@ g%uﬁ@fn@ﬁ@nance and increased equi pnent

| ongevity Reduced equi pment wei ght nation of air intake |ouvers

El i m nati on of pl udecachanipenaRedudedcrsised equipmkentienggvityof equi pnent

El i m nati on of ba Qi Reduced rranufa?hc%turi ng cost Rermpval of fan equi pnent
fromwetted exhaust®df® SHREETH8&1§Y ¢l eani ng water sunp Elinination of punp

cavi tations Envirgnieinh@bd ¥ fif ineehduveld m nation of need to enter the
wetted area to service a basin or fans [0032] The above and ot her objects,

features and advarﬂlagleietl@‘foiipi@me@émherl nvention will be apparent to t hose
skilled in the art fdrorgétnqlct 8 1‘1‘i't89eq§ta' | ed description of illustrative
enbodi ment s thereo% en rea(ﬁ onju PSH with the acconpanyi ng draw ngs
wherei n. BRI EF DEmlaIﬁ@\bmsfﬁHE DRAW NGS [0033] Figure 1 is a perspective

view of a direct forced draft/fluid cool er
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
[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
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;



constructed in accordance with the present invention; [0034] Figure 2 is a
side elevational view, with the sidewall renoved, of the invention as shown
in Figurewvd;2ofod@dsph Figure 3 is a sectional view taken aceng2étionen3ds 3 of
Figure 2; [0036] Figure 4 is a sectiowal viewsimlar to Figure 3 of
anot her enbodi rent of the present invention providing an evaporative
cooling tower; [0037] Figure 5 is a perspective view of one section of a
wat er collector made in accordance with the present invention; [0038]
Figure 6 is an enl arged perspective view of one of the water troughs used
in the col | ed®9loFigRicglis @ RSTPOBLS] Vigw giindartoifdeue §eptsiRatt pheateh ew, sinil ar
to Figure 5, c%ile@topﬁ'c{ior%fcoﬂﬁéﬁid olihachfle deabLaRDIFoARes! ed together using
6; [0040] F nl ar

t he troughs of Figure 6; gure 87 s an ed plan view of a
support pl at 004HdFignretthie aoc enhestigrarsecwioin sspmwnplate usedjur tbe Bonrfe0d4 1]
Figure 9 is an end, view Ef thg support plate taken along line 9-9 of Figure
8: [0042] Fi ghfPMHoNe infigry

vi ew of a second enbodi nent of support plates

show ng two Qgped SFigafeeﬂistaﬁgﬁa Bekw of B0 4R pol [BME ki alohe #in ONEHMEibGreeNd Vi ew
of one section of the water collection system show ng ?he rel ati onshi p of
the water trdughs to each other and the air flow paths therethrough; [0044]

Figure 12 is rti al perspective view simlar.to Fi.gure 5.0f a water
col ot on oy 00 Eiefis AR ERER Lk el sl B e Bt Fone [oo4s)

Figure 13 is spowihamiplgeenatedit@wtisgim | ar to Figure 11 of the relationship
of the troughs of the Figure 12 enbodi nent to one another and the air flow
pat hs t her et HPOYhFigproldep apthpmasic ead viewapf @edecianeidheivpigr celisctipyure 11

shove o e Sl RN, AN BUT R LAY Pk B DB
show ng t he pv pathsthefetlirbegh;
[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] 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;
[0048] 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;
[0051] Figure 19 is a top view of the tank of Figure 17;
[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 connector

plate of Figure 20; and



danpers when the fans are on; [0048] Figures 16a and 16b are schematic end
views of a pair of water collector units in which the troughs of one |ayer
have danpwoopi/modsal | y connected thereto; [0049] Fi gureptT/us3018024929

el evational view of the water collectiton tank used in accordance with the
present invention; [0050] Figure 18 is an end view of the tank of Figure
17; [0051] Figure 19 is atop viewof the tank of Figure 17; [0052] Figure
20 is an end view of another embodinent of support plate for use in the

pr esent mvenbl on; [ 0053]. Fi ure 2 1is an end view of a water trough for
Use wi th the [POHHEeRe 7 isp@ienl fhlgiged POPECKNE VOS5 2 IGEIESPER s a parti al

enl arged per SpeGthY Eon e@tWr ?Ifateaoqu%drggbg?d %ﬁél?s@f‘ﬁ#d?% ﬁﬂggﬂé‘ﬁgt or plate

of Figure 20 and troug Fi gur only one o wn in the
dr awi ngs) . DEXHA&:ILEDhDESGRﬂi@'ﬂr@\ing;). THE PREFERRED EMBODI MENTS [ 0055]
Referring now to the drawings in detail, and initially to Figure 1, a
direct draft fluid cooler 10 is illustrated. The cooler is designed to
advant ageousl| y u$¥TAlk Ey BESCRIPDIO N OFEHE PRIEFHERRIED EMHODGMENjTS:ooI a

second liquid,j heat excha | gcat.ed wi.thin the deyjce. systens of
the inventi o& QﬁﬁiaB%feﬂgﬂe%dw &Oﬁgﬁ&fa@fmgfrm&m&ra@m% v &o Fiegts b ﬁway al t hough

the illust ratdré(f%ﬂﬁf@%@le'ﬁOt1§111%5t?at9@5ﬁ'ié QR3S ddtidrel 46 A WA %uskhl?se' nvention
is not so limted. [0056] Fluid cooler 10 includes an exterlor housi ng 12

havi ng an opehe twomon\wémtemar othedequidd fogodbg seenuld ligiiign 4 iednd a bott om

wall 16. As se in Fiqu rein he S 15 has been renoved to
'l ustoat et nechieds Pefed RidiMEEELT THSuRIRS B iskruRSoa5F P G

di stribution WiyistvaRr 8Pothér dultibld PREIds and aﬁ&ugﬁm@k Aubeatyve exHRangsks 24
illustrated in the drawing as a cooling coil type structure. The latter is

fornmed as curdgedfihsidps nElinay watpr e inmgndtonaenaotze Igtedsuppl ying liquid to be
C.OO| .ed tot h Ffbjt f@?&%?&qb ]t%si]iq%l%gn {erl%} hguréﬂlgzﬁ ﬁavu%gralflpcp le}{ltg[gli he cooled

liquid (e.g. an ou eration 'system
Vertlcal side walls 15, 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



[ 0057] A water collector 30 also is |located within housing 12 bel ow the
heat exchanger coil 24 for collecting water that passes through the spaces
bet ween tWwe 20midiomystem fromthe water distribution sysremBfoio0ee29r nore
fans 32 are provided in the bottom ofizhousi ng 12, supported therein in any
conveni ent manner, for draw ng 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 fromdistribution system 20. [0058]
Water distribution system 20 includes a collection tank 34 nounted outside
the housing 1Oratoftyierdp phediquineabpesbr hegt exphanggpall ¢4 Thessingezlgat er

col l ected by j : i : i ) | I ected
%Jr l!éegﬁt dfllgorkrrrl?%(fﬁtcgﬁgtﬁlgtloﬁ%uﬁﬁﬁg F(Ht?lgg H‘P@El@ cB@lfefs%r eva_ﬁ.lﬁat%

water is disc e tank 34 throug charge pipe 36 to a punp
38. The punp coekr deuteat b préferablygare dpialmozayés dfhike gips tisclosed iorP@@Y pe 40 to

which a pluraljty .of | es cted inside the housing. These
nozzl es crefa'?[Bte %W\ﬁ’ﬁ%ﬁ&o& %%@éﬁ@%?he housi ng above the heat
exchange coi l[0839] Ah@S6nT6%H bes MmN mhfitdstBfrek oMM KARYILA Ut dRAed SUI t abl e
for use in fluid coolers or evaporative cool er devices, but preferably are

spray nozzl esopfl4 ohkousygel Ziogutersspid trap a0l leat @ish Atowonthrouphithd feeat i on No.

WO2009/ 070691. 0059]. known formof .drift elimupator structure.44 is
Poented 1t reachme 2hii B4 DGO BTHRY ik Stofing R AR LBRoBhEROSHIFGME | P,

m st bl own t hligugdtofshiee Welkn&xs hamgarteat heedndtde@iesy il hkden aestl. from
escaping to the atnosphere. Such drift elimnators are well known in the
art and need Fempies dssicahlpdaft gbimnateys getshpwn aps dessribed B UsuPatahl e dri ft

eli i nators age, shawoand, 49855 Defhayith SeirRl ithelOPe fisddlydep and

5,487,531, along W el r’ nount’i ng I sclostres o 0ose two patents
are incor por ahew tiverpatentshiye inebmoennatherfi@®yQGfeAsice] | ustrated in Figures 2

and 3, housi nd. t he equjpnent. mounted. therein are supported by
supports or ﬂﬂﬁéﬁn& gbgstrats,g FigHfry 2P e hksiRol BT HHPBETS i onal

support, on thg.fl 00 5up?'brt9cﬁ‘b§ B pBFOUPHbed 1ech A6, mg%lt}ﬁsr cbi\@nlefPfor@l @

bui | di ng. Thus the bottom 16" of "housing 12 i's spaced fromthe floor support
to all ow air dfdodrdetonahtgppohteos gedérotor b theentolnd, thifer estampds, thegroofadler e i t
I's drawn int % 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.

[0061] 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 coil inlet entrance 26

has a relatively long path of travel within the cooler for exposure to the cooling

effects of the counterflowing air and 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 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 illustrated 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



t he housing by fans 32. [0061] 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
renoved twoespoesshhe interior. As seen therein, the heattasehangsps coil 24
consists of a plurality of turns of ttse piping formng the coil so that
fluid to be cooled entering at the coil inlet entrance 26 has a relatively
| ong path of travel within the cooler for exposure to the cooling effects
of the counterflowing air and liquid fromthe distribution system 20

passi ng therethrough The cojl structure can be nanufactured in any

conveni ent neongrtha imeth g b hensingangy with diessidy wall gbtbe dousigfHBsSi ng 46
wi thin the hgl%pgrﬁ&wo' %ﬁtt@ﬂycaﬁ?@{ee&}ht%f‘% gﬂ%ﬁ{}%g 5599}&&&914&%%%' Iled in

the art. [00 As seenin Figufes 2 an e wat'er ector system 30
i ncludes a pkmwamg$mﬁ@bnm%smabemghMQUghwoBQm&nnayﬁwﬁnncnubuxmﬂmglayers as

described in greater aft hese .t roughs, col |l ec e liquid
pass! ng. ¢ hi oUBRTTRGIBE a0 d5H FirsoTEpy VR Mo qUe LidnBrpbedn 1 avay from
fans 32. As ikdiksidi@t 8dickdlideiaub. 3. the ends of the troughs 50 are open
and the system 30 is supported on an Lshaped wall structure 52 at each side

of housi ng 140063]i Befgering nowy odtiguie 5e©<ftﬂ@fndi§afllltﬁ$gart ¢rdarigechperbpasfive Wiewhousi ng
and, with the_side.wa sin tters
carty the ward b yetEfo T Ben TR 100 Thipo S Eialgectibd

connect ed t hrvaeigbf viad & tpe aohotsedl SThelentiiew dtbkieqli® c6lct@SPANtHrMmgd @peNi Ngs i n
the tank so that the collected water flows into the tank and can be

reci rcul at ed PAgralysd s ol eunifsgu ssymanss el ap sepnripWigise i apectsl of t he

drawi ngs, an tgﬁtﬂrgﬁ%egffn gﬁﬁe'i’ ﬁ%d’ b&WiRdd &rﬁﬁ%ﬁé&"%ai?ﬁ of 8u¥1‘ﬁ§§(¥ CO' | ector

system 30 is | ustrated ureé IS an 1so0 Vi ew of one

t roughs 50. Tbemaﬂbfa@hmﬂngbfhbqg1dmpathWﬁaﬂs&&xu&sﬁamamdg@@mﬁnpdurallty

of water coll ector its or seg 5@ 60, as seen in Fi ure 5, connected
t-ere

t oget her, as &dBfFE Otregalwglgﬁroua% LhesesBepareplaieh a1y O foExdiPiof the units

60 consi sts Qfohfwdl MﬁﬁJﬂ'dEd’ Rftid &Ik S URRRé hlu@ﬁr?tix%senﬁfodﬁh&ﬂ%k{f es 62 having
openi ngs 64 therein for ge|V|ng troughs 50. These support plates may be

formed of |i ghppei plates rmel medidpd,dwit the nembehef Jupkert platestvnid beldepstdeat | ve

enbodi ment, four . . . . oo o
onthe size of a unit. In the embodiment of the invention illustrated in Figures 5

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 flex 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.



support plates are provided, but the nunber of support plates will be
dependent on the size of a unit. In the enbodi nent of the invention

i Ilustratwo 20n/ftoggures 5 and 6 troughs 50 are general | ypé¢TalSaped2and f or ned
of a flexible nmetal or plastic materiml which allows the | egs 66 of the
trough to flex for convenience in engaging the troughs in the support
plates. [0064] A nore 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
general ly V-shaped bottom peri pheral cqnfig%gation that is conplenentary to

the V-shaped (8063 Gg set 6 nofchidssin b thyhsysimn ahopes for atrspoly wHYEY 64a of
opening 64 t 1nat : ich | he pl ate
ar The ends ol R ey RN G I 1
slightly ar cheoduldhilsalse proctdes éoraabecvisrenbealf | exi bl e V-shaped trough to be

slightly bent that its | .66 approach_ one anoth slightly and thus
can be i nseyt[gﬁgq]o}r“l?qufiﬂ]cﬂnﬁg?@Itﬁ%n%%éﬂpﬁ]ﬂsth&&lm Oﬁqg S‘tll?pg)ﬂtdﬂXtF% properly
positioned 'Toﬁrﬂ@ai@?@s@ég&gﬂ{}bﬂ%}ﬁth@@% R e ey G RE hab 8ir chippdred in its legs
66 will snap into place beneath the notches 64c in the plates. This

arrangenent pretvéetdbe supporpéates PYRp ifre dieugh i+ filled widh kquidytstiewrewlifosat or
assenbly to qq%%lhﬁe trou h&ag. Rg%sﬁ%gg r%wpgﬁéggfand to stabilize the
pl at es thense?ves.tBﬁ%%T e X9 Rd Rot e 5e5|gn'of this system all ows

for assenbly (00671 OREfetHrig tb FiAGe NB MBI tEAndsTOIE MRS Slateh b2 BavERddHsddrtd Ng t he
structural integrity of the nodules. It also provides for ease of renoval
[0066] | n addvall demewss 73éommedgherpep. aklespiiall elanpgngs wilk ahyt gpeanstharhe support

pl ates forms g . that air
Can pass betuaish RIATERT b LANE Rl R Bh A CRTHR o HIIE LR
| i quid, to insghewwin Figural. aihexditiod] speesindfigales &) T a8, ithe eadpee30bhr ough t he

collector. [0067] Referring to Figures 8 and 9, the ends 70 of the plates
62 have trandDeréwolI Ul rBARS] Toenfings Omﬁﬁéirl@dﬂe.mﬁ%g@ wal | el ements

) o eS8k bl oy tigleghot searencs o

i n Fi gures 5,whenghepBie dnde abztdébey fpdm@fcomplete 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.
[0068] 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 liquid is supplied to a single gutter in the housing.



t he support plates have partial openings 64 fornmed in themthat are
conplenentary to a correspondi ng partial opening on an adjacent plate so

t hat wherwbheiopiiedse ends abut they form a conpl et e openipog/usedromes»2¢ hem By
this arrangenent, when a V-shaped traigh el enment 50 is snapped into that
opening, the trough itself forns a connection between the two support

pl ates and serves to connect the collector segnents 60 together. Although
the illustrative enbodi nrent shows two such partial openings on each edge of

the plate 62, e nupber of such openln wi || depend on the size of the
plate. [0068][0XDIsRefRrring movyigridgere Il pa sihsmatied Bﬁaéﬂomofdhe pRey fupport plate

62 has a thin., gflg fethe Wald: cgﬁec@&t ﬁﬁlq)'vﬁﬁdt hereld @i@}eﬂ{ @¥l (ﬁglgmo% fRppor t

surface 78 on bottom edge can rest on the top e gutter wall
52a (Fig. 3) th@fansaprpmntersﬂleﬂcaw layem ofittdughisd), paskesrtbromgh lergapme | ayer of

collection u S is,used, the .u S can.s another with the
copport surt dsbvers o Eieny: 91 if Autpdari udE bdtardgnaiaies Pt o)

Al t hough t he RERT & fRGHSTTBEER S enRgstchrd YRR iPihe lrﬂdtésl @eRitlYa shaped

troughs 50 as descri bed above to provide Iiquid collection channéls to |ead

t he col | ect edop pejtiiod abovet the trgughsailscanlﬂovsﬁmw@ theplared é2de 8wcbpphgite ot her
conveni ent s hacFel oSf tﬁ ¢ Iglfltf%sven 1@99‘ gglgg}%l% ?’ﬂg& ﬁlanatar as 1§usc!ra edt V\ﬁer{latlclaﬂ addi tion

al t hough, as i I gur roug%s are

open to suppliy theeperii it otn@@u@aurar@fshgwhtb@rasnowsﬁa.dﬂsm deehsionrtend of the
troughs can be closed so that all of the liquid is supplied to a single
gutter in thecRosh ARl qmonogs thegh ﬁh@r@ulﬁlﬁw layerephiipeehs 5o that athe fap ofc

i11ustration pf Wtagf ﬁ@ﬁ&ﬁ% %%eﬁﬁﬁe Li idifﬁ.lsgé]ﬁat«%ﬂl\@ﬁffor CRlb & RS

provi ded. As seen ereln e air omt ans encoun?ers t he
| ower | ayer ahmmgbﬂgh$oﬁﬂgamhaﬁaﬁuimmﬁughuthmg&ﬁsAbeﬂmeeanmnﬁgmmoughs and
is diffused ai nst_ t he bottom of Fi%alﬂroughs above t ddi tion,

m In
because openl ggowﬁm dn £ haYe Ak %P@%L%?ﬂﬁpfﬁn%ﬁPéWﬂé’fﬁb portion
above the trqughs. t%' the %ﬁ‘%}fs iRV IQ{/é}LAQBTé &eoe%v@ﬁtesfh@% 1Q 7shenPRRoRi t e side

of the plate even If rough 1s filled wth mater as illustrated
schenatlcalIymdnof%euapg@nnmthhy@nsEmgﬂmeﬂkiwuhmdf&mmmmgbyhammﬂwa B. This
di ffusion pattﬂ&sr irrllcreasing the opportunity for the troughs to collect liquid 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 to 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 to the fans.



occurs in and continues through the nultiple |ayers of troughs so that at
the top of the water collector systemthe air is fully diffused laterally
for uni f owon2bioomodsir ough the cooling coil and thus unif ecmusea/ob4vanst er .
As al so seen in Figure 11, troughs 506 n each |layer are laterally spaced
fromone another and offset relative to the troughs in the | ayer above or
below it. The space 78 between the ends of the troughs in each layer is

| ess than the width of the troughs thenselves t hus i ncreasing the
opportunity fﬁ zéhe troughs to coll ect quid flowi.hg down towards the fans
as mist or dri8¥74t Eigers Uy Hs ks WP%PW Stquflmlhr&m@atpméw@wwd

embodi ment ”'&Fc[gle b%hblﬁ% ¢0url1ferd ﬁ%ll@étm‘%(ﬁé%k eIntt'hi%L&QQe oL éufﬁgéﬁ?om 3

i nches while t spaci ng betweenh t Jacent legs is i nches.
[0072] It haolivte6R Hagarmdmewhit difenagt dnidwentigyretien sﬁthairtbug&gesa)ﬁtmmvm in

Figures 2-9 w | ect .subst anti al 100% of , t er dr ets \/\hi ch
bass & hr ougn bl FGT SELURIRERRRE ST 20 et st $5ErTapeS S8R however
nore or |ess Jnaief STEARPR ubfsvelsel A8 dan hARARhp BtineQueRrdstioited ia tmn
understood that the uniform spacing of the IErou hs descri bed above is not

mandat ory. | rigeleas red@p@hbh shgpedgorms thet wigpleraae ﬂmﬂnfumtlQmélygpgétgefthfcﬂ@h ape of

the housing, it i of .the invention vary the spaci ng
bet ween t he torpgug S esmoj: %earm %% (‘fg %laetglsrrla ead & feageisfl ar eas. In

addi tion, vargd7g] E@aresuzan@fmﬁlmt@@aahdi@&mbﬂ; mﬁﬂhbraﬂﬂﬁﬁﬁﬂéntbf tieghs wi | |
effect the air vel oci ty between the troughs. By varying the gap between
them air di SUPSCBUNVYHIOBaA BYs eRserathehinnneiag indivigugrmueht Heasipdhem

above. S0 1 ndt harar B s of At 3 8RZ b ERA Ry BUE TRy AT T Pat e

a support pl dhegsi web B reteadink vartichldy bétakeptheiriapesdsy Tesodtiubgks but usi ng
four | ayers of cﬁ?llectl ng trough In this case, the s ort pl ate 62' has

a somewhat diY9w! &P 1IBRCPPEBINES Ju aﬁ?mr%a%aqrr@éa@ldé%@stﬁ%PP%%S& at e
i nterdi g' t at ‘;pr@\rigustl h@es&:ﬁ@&fs Vﬁé@@veWﬁ{e atZs?mOcﬁls eﬂﬁ)o@ﬂﬁierﬁ%%ﬁi ﬂgﬁlﬁé @Btst 0

support one anot her’ These transverse walls can have snap fitting

struct ures f d3mxtendmgtbeemgen the openings 64 to accommodate the webs 82. In Figure
12 the plates and their openings are simply illustrated schematically. By
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.
[0076] 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 system 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 collection 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.



such as recessed U shaped fornms that will receive and functionally engage
the flat opposed edges 72' of an adjacent plate to snap the adjacent plates
t oget her .wpQOHodsogures 12 and 13 illustrate schemati catiryusanonbkero

enbodi nent of the present invention. 17n this case, rather than using

i ndi vi dual troughs 50 as in the prior enbodi nment, pairs of troughs 80 are
provi ded, which are connected by an integral web 82 extending vertically
bet ween their apexes. These structures would snap into openings in the
support plateﬁ correspondi ng to the qpenings 64 previous|y described.
However the pPYfdsRelsiNg roveteddarsenthedetmalaeyof dgereieat ©VaRioaydt endi ng

bet ween. the REMnaRoRd b 8RN Ldolle: 105 AZporhFl Wit dfyihe Pl ates

and their openi are sinmply i strate enmat | y. By providing the
t roughs i n pak psssebemmttiradrdny thrbeghwabev8Roras onewhiag ngpdeadfevell-kgpvdh ty i s

provided to the str.ucture, t air.distributign throu the s ort plates
< i nt il nedonyiBts ey THanbs i g bifnine b nsesd {eRig it Sppor

pl ates incl udgeldvBsor@@vd QolBE nicdfr @hRal@haRdoRss, dawmpmaEdiyeoaficheaway from
the troughs toward the troughs therebel ow "It has been found that in the

course of operessicorrugited siiagtsl adplastic avtsiatiwhisd faim hirphssageveayent i nventi on

the liquid fromsystem 20 can.condense, on the surfaces of t pl ates and
nove in a fi Itrﬁﬁra%é{ \%/%“F%Foy“ga%ﬁéh {f]ﬁzl uhdpaﬁlgratlrpps%l Oeuéfl?er réetnﬂf\fbn &nsation needs

to be col | ectréiseee @apoatesti®tiRMh&lia hhie chaictattRair theeby dodile)he sik ks 90 break
up the condensation filmas it noves downwardly and directs it to the water
col | ection t resaghairwardiionieg systanes adhelike.|i kewi se, condensation can form

on the inter i[g%1 g}ég g@%& aBfvel Eﬁ%oﬁ!gh'tﬁe ! &qleEt%Y‘EFséeﬁ gygl;ust?%e%gfd end wal | s

17 defl ector are provi , as seen I'n I'rect
condensat e nui¢kdribed dnvworinosen with ksmpiadt araniportabbuflid co®arstdreoslitewal | s, as
seen in Figure 3, no such deflector plates are required because the

condensat e wi{PFERMBH tAtoE ANy EBwRRAT Ay Ol PN HECYUR TRY 8 P77 Referring
1908 1911 S OIS SEROLERN iy e BECORM NG G il By, 2001 o
passed count diquid ceidr or fidloneha,ane. ewdlp Oreatystems 06 BhtemgNoe di2a70P5wad | - known

5,545,356 or others, while retaining its superior air diffusion and dispersion

properties and advantages.

[0079] Referring now to Figures 14 and 15, a damper system is illustrated for

closing the gaps between the troughs 50 in the lower layer of the water collector

system to prevent any liquid dripping down through the water collector from the

water distribution system from entering the fans therebelow. In the embodiment

illustrated in Figures 14 and 15, a small trough-like damper 110 is provided in

each gap between troughs 50 in the lower layer. The damper 110 has a length

corresponding to the length of troughs 50 and has a generally M shape with small

outer legs that sit on the upper edges of the legs of each trough. These dampers

are lightweight 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 settle down onto the 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 formed in the support plates to

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

open position shown in Figure 15.



construction formng a layer 100 in the housing 12 instead of through coi
24. The evaporative cooling nedia can take many fornms, and typically could
be cross-worniugabt®d sheets of plastic material which foraraisecopassageways

t her ebet ween t hrough which the |iquidisand air pass countercurrently. The
noi sture evaporates in the nedia as it contacts the air thereby cooling the
air for use in air-conditioning systens and the |ike. [0078] As noted
above, although the water collector systemas illustrated and described in
connection w th conpact, transportable fluid caogQlers or cooling towers with
bottom fan sy89¥MH, Inneligenagve agpnesaenbas shaicindigurnloid Sedthen mor e

convent i onal cﬁ%rﬁ)gfsir?loh%l&?%o%%ﬁfﬂé%ﬁlw?ﬁ@&%ﬁﬂgﬁﬁn?5 h‘%@ﬁir{gé &kh)?g '_OPW the

| i quid cool er e.g. systens of Paten
5,227, 095 andthgrsdbyediht pivoohfercshamym hewpeldaicoimtg thdss skillpé ki te agi r

di ffusion an i.spersio roperties and advaptages., [,007 Referring now to
i gur s 14- a8 TSCRg: HaABPeBe tofmedof  PUEET P HIoET bl FTERE! gaps

bet ween the ti@ughsnf? twvtshﬁ)eh%%ﬁﬁ:hi AMBE n&ft 18 VARG FUHJuERS. AfachYSt em t o
prevent any l|iquid dripping down through the water collector fromthe water

di stri buti on pststléhisfqopneasert @eictgby hreintegnal livadingsdi1dws shown petvesrblodi ment
illustrated i igures, 14 and. 15 S | trough-|ike damper.110.i s
orovided i n 4B OB e Al BsoRutaBingt ERi sl 0TS eohd8abCne, 110

has a | engt h ta@psiasHRE VghicR id diab@Igt furoy clirighishib&sand wiash algener al |y
M shape with small outer legs that sit on the upper edges of the |egs of

each trough. trhdaepariaies Kl lde@ivat gatheeioghtVigh eidher of ssorrancamentyi | | nove
upwardl y, U”Cl%enttﬂﬁfa!ng";}e%%gﬁqgn gh[% é&%ﬁ%ﬁg}é@ﬁ%& gp{ﬁ{?én G0y to the

position shown 1 n Figure again om surfaces of the
t roughs t her eahidviaes W gurt h6a faad svhen ehd fanned oofthe dirhpsewdakipermowdd | settl e

down onto the top edges of the troughs_in the |ower |evel. These danpers
may be free- ftPéléﬁ(i%@,g%aFPH%iH@lh?m{eFﬂ}?ﬂéﬂ%?“ﬁé&,?thﬂﬁ@veéaﬁi ésrwéggﬁi de pins

formed thereinJEREREIHYIhGR RIRH $h R hel AnpBR WHBPBE ForRle@lfi$hd © gui de
their vertical novenent fromthe closed position shown in Figure 14 to 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 installation. 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.

[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 a hazard and damage to the
fans.

[0082] 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 liquid would tend to migrate along those
surfaces and fall into the trough therebelow. Should that occur on the lowest
layer of troughs, liquid droplets may then fall onto the fans.

[0083] To overcome this potential occurrence, the liquid collector system shown
in Figures 20-22 may be used. In this embodiment the support plates 62 have

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



open position shown in Figure 15.[0080] In an alternative arrangenent, as
shown in Figures 16a and 16b, the danpers 110 nmay be forned integrally with
t he troughe umingwsa |ive hinge 112 or ot her conveni ent pcraSzag/op@enani sm
as would occur to those skilled in the art. In this case, the danpers are
formed of a pair of elongated plates 111 connected to the point of the V
shaped troughs in the next to | owest |ayer of troughs. Each plate 111 is
connected thereto by an integral live hinge 112 as shown on two of the

troughs or by a suitable mechanical hinge consisting of a pivot rod forned
at the point ‘6ftigehdoty odp femeddherpigaysde By et a4p o yis FREAIN€aNehi Ages 115

whi ch al | ow tg lld\a e?@io@%@[sis %ﬂs%f&@hegiigg%‘pﬁggtetahﬁlerlgsg? e?P{dtOIf egéllt sh@tr of these

arrangenent s en t ans are o rs woul a by gravity to the
position shovwdein solid lines in Figure 16a, and when the fans are on the

danper s woul ved tqg. the ted |i osition under the jnfluence of
the Torced aitPUSHCTEilp e S idiaet Butrenie BounERia v hisouett . ¢ he
danpers woul dxResfodismBehioNhdshey i@y s 7aAnd @IARNNS shaped Weesh 4e not ches 68
descri bed above, so that the troughs can be seated in the support plates.

I n addition tthengs atatsiend. Begwpbeondamehsocaigrisen ghasl e ontet hiataspeel woki ti on of
Fi gure 16b ile th rough i s bei ng,install iR:.the support plates so as
ot 1o i nter EPEGAERDS e By 8 SMNETEAEh 67 8r RSB e er ok qur e

15 or Fi gur e yh@emtdol tidtthd tadiedht 6718 aml dsdentifiiey theBaOY &shgt 4s ehuREH6 kON
provided by the collector systemof the invention as described above.
[0081] The usényfliqgiredleeted therdin tphe $er’s $8Ft i on i s advant ageous not only

because it k | Qi . i i On, eeps the
wat er out inqpﬁgﬁz?ﬁﬁ&g%%‘f%?%%égggiﬁﬁﬁ?gqgﬁﬁ%ﬁlg§8%§£%$%% e:%ﬁ g%%rd and
damage to thenti#@dsas {H008ah Figure 22t ki thatelfighiewaly parsof thé plaket? isBRow@ANSs are on

or off) it is conceivabl e that ?Di ture_m ght condense on the aquter
?ﬁé%g

surfaces of tW%P??Q) 68rin PHage ft¥r doja ﬂﬁsﬁﬁmpﬁ@3%ﬂﬁ%§50f t he
troughs nmg hhguﬁﬂeﬂfi%ﬁhé %é&l:ﬂ%% B4qH bR sum%r& gﬁ?e% (0% SBIEBES b KRR BE

ot herwi se. Such liquid tend to te along those surfaces and fal

into the troughghketreleh ovsimGhaoebusly keidedotoslogrbdetaed bdwegil the slots 68
align with the support plates and are snapped in 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 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 stream 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 collection tank of the present invention for use with a fluid

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



| ayer of troughs, liquid droplets may then fall onto the fans. [0083] To
overcone this potential occurrence, the liquid collector systemshown in
Fi gures 29o2210mayosbe used. I n this enbodi mrent the supportTpisaies2829 have
openi ngs 64 forned therein as descril»®d above. In addition, these openings
havevertical slots 64e forned therein where the edges 64a of the opening
neet. A small V shaped slot 64f is also fornmed in the plate at the | ower
end of each slot 64e. [0084] The slots 64e and 64f are forned to

acconmmodat e and receive a trough extension_67 which has a vertical |eg 67a
and a smal | VWRRpe e BoKe-r8f Avteeadn Fiadresdd 1% thurek ksiderdrhg or

mgrating on Ho*t‘t%m%st é%e?fﬁr&%&%? fﬂr t%&%g%%ﬁ&%@ftrﬂn%ﬁlap%alﬁsa&ldéraed in the

smal l er troughs 6 cour se, I's t0 be understood that the troughs 67b
are essent i aldoyichhéhapasethheajofithasquidoudhect@btotthe battany obtlauiBg thisl | ect ed

therein to the tower's gutters. 085] The trough .66 wWwth extensjon 67 is
Fecei ved 1 n dgenngen i sinER ol Tl hel ot TEERIR QP rer BB 22, 1 n
that Figure apikeRRA tRf tabiDBiPIRSHRR bottofhMoan WerEaddRE1ILhQHEEMER: | N pl ace
for clarity. To assenble the systemthe trough is guidéd into the openings

64 in the suppsem 3singeassarg 2hrasglidsor | Bedn addienstisciuse thectank sugerteskt ensi on
Is simul taneoe%? Ir%/or L(I)i eedhoiun'tnO z?r{d%[ag a6sf1e lg‘rr]éjm64a’bleut%ti | hr% iglegst Sac<:6€:8ss al i gn
with the suppof% P ages uaar e snappéﬁpln p?%ce. F668 f I'h pPinC|pIe only
the | ower | ayeitheothnit f@WBHARInigN StiNgushiPedchude! thé RBk $diobited higher then thaese
extensions 67 since any liquid on the outer surfaces of the upper troughs
shoul d be colfusy: epd dye torbe tocatiphofiibe evilat 89 athe Pemprvildemaingigncgueier s as

descri bed ab esi i QUi - r -t he | ower
ayer of - gut ths iRl Slerld it R hh ot Shelt] HERET bt 00
carried to thenafjei pensfaopeatibn. However, in order to renove such liquid

fromthe air am as quickly as possible, it is preferred that all trough
layers in t ndORA o 3?36@%@%1% Prer B of REHSMHAVT RGN &% efSions 67.
[0087] Fi gur &Rindbfr of thiljok ithpidVERL & ! e ﬁ@&i&%oﬁ&'ﬁbﬁ%ét&ﬂ cbidtts dftof fle 9T ALt er

detail. In a typical application tor u inadirect forced draft fluid
cool er or cl abadcbmog water, but also directs and diffuses the upflowing air so that all 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 also increases
thermal performance of the cooling tower. Moreover, the water collector system
is relatively simple and economical to manufacture.

[0090] 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.



cooling tower, as described above, this tank is formed to be relatively
smal | conpared to prior art devices. This is because in such systens the
wat er newsD 2bmanemot he fluid cool er and is recircul at edpCrasedbs249nk to

t he spray heads and back again. This 31s as di stingui shed from cool i ng
towers where the water is used outside the systemfor cooling before being
returned. [0088] A water collection tank of the present invention for use
with a fluid cooler typically would hold approximately 90 gallons of fluid
for the entiresystem As di scussed above, and as seen in Figures 17-19, the
tank has a ta\B [SELAMERSIS t her for med by four tapering generally
triangular walls or as a conical shape so that all of the liquid is
directed to tjhe bOAHRQ&tQHFcE@Hraft@Yui&@bcﬁeﬁ%%ﬁr{sﬁfgtdmhsiﬂghﬁeﬁggd%%@r and the
like that is collected in the operating liquidwll séttle in the tank into
t he tapered botanem sadihewmdler redaining of fingslgdd fa bneaolesl foystecemtsade thecessary

t hrough drain,120. .1 n..addition,. because t ank is |located exteriorly of
the housi ng, Tia-els” HAGH dhnPohaiat B hE bt PR BGRLEE ¥ e
tank for cl eanitnButinztd decoddigii@bn sHetamsRchdiBet MBAnsiss thRcatigedpdgher t han

t he punp, and due to the |ocation of the outlet 39, the punp wll renain
primed, and tlissicheauitatesdiwnasrdlyrthiogel said beatieschanger mepns; fan nppandr syst ens,

thereby eqml&f;{i:%i @eléﬂ%&i'g%[aatpe%?[?arfgg{ %881%%‘} ﬂl8@inr%z}qrg€;?\l/%r€%}¥gjﬁ%ﬁﬂe%%g above,

t he system of present 1 nventi rovi des a

i nprovenent s.exdlgkt Guamg t6 ohlseevapnatbysoelih ol Jagtiesomd liquid tHehebydownslom ng
wat er, but also _directs and diffuses the upflowing air so that all the fill
nedi a gets suBsfishtingdiy thedisal exghanger B\%A%%r oss the entire surface of the

heat o i . o nt | ; .
eat exchanger or f{ld, mgt‘?{%n PR 1§@£l§'iﬁt8ﬁ%ng§é18w%é héné't g;g@é}atﬁ eg rI]lflé%.n er

m xtures which increases p or mance o stem | the design
of the water icdhdieghphsalyofildes & vsitgrirdugbafitr collesmgrsebglamipllael of shet he

col | ector panels,, as. ared to existi t echnol ogy, The .redyced pressure
drop al so | noreaedinid g e pg e reeh Bect REMBoos Qe uBFIctraBlver , t he
wat er col | ectigrers¥sheMidrally Strak FVa] the HloTPhEin 3§69 Clbefy 1AW act ure.

[ 0090] Al though the inventlon has been described herein wwth reference to

t he troughs 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.

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

means.

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

laterally of said fans.

4. The apparatus as defined in Claim 3 including pump means connected to
said tank means and to said liquid distribution means for pumping said second

liquid from the tank means to the liquid distribution means.

5. The apparatus as defined in Claim 4 including means for connecting said
pump means to 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 lower elevation

than said first end.



speci fic enbodi nents shown in the drawings, it is to be understood that the
invention is not limted to such precise enbodi nents and that various
changes awo 20mlitbéscat i ons nmay be effected therein w t hortTdspanioe4dgo f r om
the scope or spirit of the invention.2HAT IS CLAIMED IS: 1. A direct forced
draft fluid cooler conprising a housing, heat exchanger neans in said
housing for containing a first liquid to be cooled for use outside the
fluid cooler, liquid distribution nmeans |ocated above sai d heat exchanger
means for dlstrlbutlng a second_liquid on said heat exchanqer means so that

sai d second 19 qui d'§rR0REaY a8 defeRaacdiiyn ¢ Ar blgh Ssuhidcinead WlkcREHer neans;
fan nmeans | ogated, ed@?édoy&u%ﬂiﬂcﬁaﬁfg EHEGRHELIHABRRS, oWer Ry OVWLAGHRI I upwar d

through the heat €xchanger neans"to cause evaporative cooling of said
second Iiqui¢onmﬂmebpfsmdcmmkmwheufmw$Ummnqumd in the heat exchanger neans;
a water collection neans in said housing bel ow the heat exchanger neans
including a plurality of |layers of water troughs for collecting

substantial | y.al | /A agfaeatsecsateinkd quCdirh dlwhengn faidwasaicdllbemh meaahanger

nmeans, said trou hs in each of sakd Iayers being laterally offset fromthe
troughs i n t HEClPdRpet LeasiioRAlr frr g SHPRA™ PlatgiSHUEHESS JAYINE QB ﬂ%%/t?‘ﬁfﬁmat | east

one open end; foﬁfé@elgﬁltgtsﬁfd tHRRNS, shid ;ﬁétis derhQuSs Bginfg @n gﬁtﬁﬁﬁhﬂﬁl_%c%ifrgnﬁ econd
liquid fromthe at |€ast oné open end of the troughs he apparatus as

defined i n Cleathmother dohgithedengaim @xheraeghs] i qui d col | ecting tank neans
adj acent said housing for receiving said second liquid fromsaid gutter
nmeans. 3. The apparatus as defined in Caim2 wherein said tank neans is
| ocat ed | at er&l | y A apparadud @rdefindd inT(Bkairaﬁpherraﬂht:mlghSNmbeeﬁh sad opmiﬁgﬁirm 3

i ncludi ng pu ans connected to sal t ank an to said |i qU|d
st 11 buti on WEEBAHE a2k & RS SEBhaM Tk PdnF POIR YHEF ki Heans o
the liquid dighdriched B8 FBBAS isTilledRAARRAGAt US as defined in Caim4
including means for connecting said punp neans to said tank means for

conveying said second liquid fromthe tank
0. 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 apparatus 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 maximum width of an individual trough.

11. An apparatus as defined in Claim 10 wherein said troughs are V-shaped in

transverse cross-section.

12. An apparatus as defined in Claim 10 wherein said troughs are U-shaped in

transverse cross-section.

13. An apparatus as defined in Claims 7, § 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.



means to the punp neans; said connecting neans having a first end connected
to the tank neans and a second end connected to the punp neans at a | ower
el evat i onrwbhany/geisd first end. 6. The apparatus as defi nedtius2@Goapsyedt or
Claim5 wherein said tank nmeans has a3t apered bottomincluding a drain hole
| ocated at a | ower |l evel than the connection of said tank neans to the punp
nmeans. 7. An apparatus as defined in Caim1l wherein said water collection
means includes at |east a pair of trough support plate structures having

openings therein for receiving said froughs; said plate structures being
| ongi t udi nal 1§+ spatRePRFHH B£hned He¢12Hn dng Of Havheeshytid SEPottpiate r oughs. 8.

An appar at us sﬁ%ct@?é‘siiﬁkqgﬁléi s’ﬁri%@hﬂ‘deah@@cg%eﬂ{ &H%ﬂeﬂiﬂ%@%ﬂ%}&ﬁ}s&i pgg?&erngs are

sufficiently large to ow alr to pas$s fromone s

structure to direting frgrofealnsevdreiicquid pothgtplats stridtliedo Wietlhydriofjtiodghsd.  An
apparatus as ﬁef{) ed in daim7 wherein said troughs and plate structures
have cooperatt H5°"B%ns formed thereon for securing the troughs in said
openi ngs. 10. An apparatus as defined in CCaim?7, 8 or 9 wherein said

troughs extend generally parallel to.each other in said |ayers with the
maxi mum | at er’at sd%%?ﬁ?ﬁr%‘é%%éjéﬁm?‘? BUghEm Herhigeip sdig sppRest RIAE SHEKMHRSm wi dt h

of ‘an indivi dyal c&hRsdh lelagt-tv/%’blﬁ@Qﬁﬁﬁhf&%f%ﬁbs@ﬁﬁﬁﬂ?(ijdeinﬂcgsﬁé;&@h]agin erein

said troughs are V-shaped in transverse cross-section. 12. An apparatus as
defined i n Clappmetl@®ndheadapiad tgabet aneangthsr adentins hapeduring sardatswtars e
cross-section, 1%3. @n apparatus as defined in Cainms 7, 8 or 9 including
means associ al'SUSH Y at | east one of the |ower |ayers of said troughs for
cl osing the space between adjacent troughs in said at | east one of said

| ayers when the at, |l east one fan is off apd for openi. t hose spaces when
Lo Tans are Bn | riv BaBHOwETaR ¢ BinE R Ge 24 b6{FTE Tl dPaatS one T an. 14.
An appar at us @%c@fsica8cdmpideak Badt twd pPte SleWMaRls®aling JpHoSHRRAY ddapteat e
structures include surface rib means adj acent the openings therein
posi tioned f de abutone 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 least one pair of said cutout portions formed therein.

18. 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 said heat exchanger means for blowing air upward 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 means in said housing below the heat exchanger means
including a plurality of layers of water troughs for collecting substantially all of the
second liquid falling from said heat exchanger means, said troughs in each of said
layers being laterally offset from the troughs in the layers above or below it; said

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



directing any of said second liquid on the plate structure to the |ayer of
troughs therebelow. 15. An apparatus as defined in Caim?7 wherein said
support piet2e10st10986t ur es each conprise at | east two pl ateTalsenmnre29f
substantially identical shape havi ng @pposed ends adapted to abut one

anot her and neans for securing said abutting ends together. 16. An
apparatus as defined in Clains 8 or 9 wherein said support plate structures
each conprise at |least two plate el enents having opposed ends adapted to
abut one anot her, sai.d opposed. ends each havi ng cutout portions forned
therei n whi cHecaHg@sHe peCopA diquidfrem dirdy leaseongiien ieAq of B K48 B3RNi ng for a
trough and Sac'xgsrﬁﬁ8@?{@60‘11@%@%%m@ﬁhs%ﬁéée%t%s%&%l)u@i’ﬂg il RL&singsgUre a trougn

therein and the a I ng platies together. . An apparatus aS defined in
Clai m 16 whersecawdildjupd fiv@ ssidrgitteumesnse achpinap ercats ¢amasttedtvesaphiank efid sai d

cutout portions forned..therein. 18.. A direct forced.draft fluid cooler
Commrt s b SR G G e e do” WEaHEE boi0 S L g b e R i i ng @

first |iquid ho1ihadepelifdichQficadse outside the fluid cooler, liquid
di stribution neans | ocated above said heat exchanger neans for distributing

a second liquid on said heat exchanger neans so that said second |iquid

gravitates dQMﬂ“ﬂ”ﬂk%meﬁRHQQd&%&ﬂiﬁQﬁ&nﬁﬁ?@ﬁ&@ﬁ%x&@éﬂ@kz%@ﬁ&&%ﬁns l'ocat ed
bel ow sai d heat exchanger means for blow ng air upward through the heat

exchanger neanstanalpause cdiepor stid veconddljnidg of said second |iquid thereby
to cool the first liquid in the heat exchanger; a water collection neans in
sai d housi ng bel ow t he heat exchanger neans including a plurality of |ayers
of water troulghs flire apphiagstas defisdbs CAmt B Wheralnl saaf trovphs dewoma dpegui d

falling from said heat exchanger ns, said trqughs in each of said |ayers
bei ng. [ at er al " BIFERE: FF GHERETE O3 eSS i Sy Brisn o F S BB ow | 1

sai d troughs Rach BeLiERhssh&GRRH WIMRhOBRR Bk tr&tdht 86 PRENAg kflgsai d
housi ng forreceiving said second liquid fromthe at |east one open end of

t he troughs; saeenediquichtrpmlthgtripeehsantl sepplngg itdnkaiddanks adj acent sai d housi ng
for receiving said

21. The apparatus as defined in Claim 18 or Claim 20 wherein said tank has a
tapered bottom including a drain hole located at a lower level than the connection

of said tank to the pump.

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 troughs, 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 to 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 to each other in said layers with the maximum lateral

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



second liquid fromsaid gutter means; and punp neans connected to said tank
and to said liquid distribution neans for punping said second liquid from

t he tank wo 2vtveribesqui d di stributi on nmeans. 19. The appararus2@s/odebs ned in
Claim 18 wherein said tank i s adoptedsto contain about 90 gall ons of said
second liquid. 20. The apparatus as defined in Claim 18 wherein said
troughs have two open ends |ocated at the |ongitudinal ends thereof and
said gutter neans includes two gutters respectively associated with the
ends of the troughs for rece|V|ng sai.d second liquid fromthe troughs and
suppl ying it o satyaRrus defippdingls g}l&?%%mgérwﬁ%mﬁﬁld@%gm 38 or

C aim 20 MheFYkﬁ%ééFg“&ﬁQ&EQa%sﬁ“&%Bﬁred bottomincluding a drain hole
ower

| ocated at a evel than the connection of said tank to the punp. 22.
An apparatus as deflned in Caim18 wherein said water collection neans

i ncludes a pajg ° ;ﬁﬂgﬁuéé{é%ﬁ dﬂlé‘faﬁn%ro%‘léfﬁl% WRMERGa pc?d%'gﬂ&&ret herein

for receiving sal sal support plate Structures b
IongltudlnaIHysh@ﬂdﬁdﬂhk@%ﬁ&@ﬁhw@&&ﬁr al ong the |l engths of the troughs, and
said troughs and support plate structures have cooperating neans forned
thereon for securing the troughs in said openings. 23. An apparatus as
defined in C2im 18 hfparatddsaleginedMieCRim 28 aitdrap eaid bpeniagsein Shitlfsuppent | y
large to allow air to pass fromone side of the plate structure to the

ot her even wd#e atrve%r@@ha\iesedgp lpPlé@nwrr?rallyq%ﬂrwlerwtarmo Aoarfacesofdee def i ned

in Caim22 qﬁ)gkgigg%%ewgereln sai d troughs extend generally parallel to
each other in s hI yers with the maxi num | ateral spacing between troughs

bei ng I ess than the nmaxi mum wi dt h of the troughs.25. An apparatus as

defined in Cgim 22, Q}]gpagtﬂ %‘&ﬁn%ﬁlr @faﬂn%gl\xgle}ééf?ﬂlgﬁ%lg%lﬁlt%n

transverse cross sect n appar at us as or Claim
23 wher ei n sahéwhteoughstiag emebhsdrapedically ilign¢er se cr oss- sectlon. 27. An
apparatus as defined in Caim25 wherein said openings in said support

29. An apparatus as defined in Claim 28 wherein said vertically aligned troughs

are connected by a vertically extending web therebetween.

30. An apparatus as defined in Claim 28 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 layer when the fan means is off and for opening those

spaces when the fan means is on in response to air flow caused by the fan means.

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 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.



pl ate structures have edge portions generally conplenentary to the surfaces
of the troughs they receive. 28. An apparatus as defined in Caim25

wher ei n twourgtowiibgsoal t ernate | ayers of the water coll ecrcmgSo®ans4oay e
vertically aligned. 29. An apparatus ms defined in Caim28 wherein said
vertically aligned troughs are connected by a vertically extendi ng web

t herebetween. 30. An apparatus as defined in Caim 28 including neans
associated with at |east one of the |ower |ayers of said troughs for

closing the space between adjacent troughs in said at |east one |ayer when
the fan means% s ot 2RHHPIEGR dshiard HCRHB e Vs SAQRBRPOtRIAtE SHUSHISRS i s on

in response te%cl?k&mf)ll\}\sﬁvﬁt GAYUSEL, }gzyte Eﬁﬁleilérhagﬁlggﬁ’)gogé%l'ené@acﬁB%rt?taH@t dhe

defined in Calm?25 erein sai'd support pla tructures I nclude surface
ri b neans adjamothet, stidepppediends tdrbhevingpo®iut patieds foomed theatin ahychof sai d
second liquid on the plate to the | ayer of troughs therebel qw.. 32. An
appar at Us "as [agsictn L oo Ecior s B LIREa RISt ot ur es

i ncl ude surf aggpdrhith JRBANS @%ﬁpt%ug]htahg pPR&NEeAGe hhRugh Qi hhd aped to direct
any of said second liquid on the plate to the |ayer of troughs therebel ow
33. An appar abutingplates topettieri n C ai m 25 wherein said support plate
structures each conprise at least two plate elenents of substantially

i denti cal shape havi ng opposed ends adapted to abut one anot her and neans
for securing ¥ai d Abapparates snigsinedgetClaon 334vhefain s alast elemeasts dathihmed | n

Claim25 wh [ i d t plate st t h [ t | tt
ol ate el erent™d ARG G008 BHERTHRRLERHE SR8t one another, said

opposed ends each having cutout portions formed therein which, together,
when said en%z3 are abutti ﬂg form aE openi n(gol.f or atr o#ﬁh. nd. said
cooperating n€ans AW icallsgysigrics ‘Ef%?é‘?% @ééﬁ‘?"gs&n _ B@S‘WO}%r ein and the
abut ting pl at@shiREetd\iralidfot lﬂbrsa@fg%ﬁgwﬁna@l%’.&%Hﬁ%@rdu@hg&'cml&ﬁn?her ein
said plate el ements "each have at |east one pair of said cutout portTions
formed ther eilmuid®lling figmebowaht sengrs, séd roegtfsan said dayiers e latrgpltyoner s and
fluid cooler Soffset from the troughs above or below them with the troughs in 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.

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 liquid.

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.



conprising a plurality of layers of longitudinally extending troughs for
collecting liquid falling fromabove the troughs, said troughs in said

| ayer s bewogoioatiessal | y of fset fromthe troughs above or poelsmmhesesi t h t he
troughs in alternate |ayers being in ygenerally vertical alignnent with one
anot her; said troughs each having at |east one open end; and at |east 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 | engths of the troughs and_said troughs
bei ng renovatly noihERRIAYS %Séieéme%éwﬁhgg.393vﬁer%saa653p%}w§e Ysshaed Wed i n
A ai m 36 whergiovsal Godf QUGS and support plate structures have cooperating
means forned thereon for renovably securing the troughs in said openings.
38. An apparatus as defined in C aim 37 therethrough wherein said openings

ructure to The otharEOem Rt CRIRIO AT SRR Pl PR &,

appar at us as tchefvenedeross-dettaomm 37 or Cl aim 38 wherein said troughs extend
generally parallel to each other in said |ayers with the maxi mum | ateral
spaci ng between troughs being | ess than the maxi rumw dth of the

troughs. 40. AR appai appasata@sasdfine@th Chirkd 36,8736 3hiackdihgSadaas hisovigled ar e
V-shaped in transverse cross-section. 41. An apparatus as defined in Caim
39 wherein satigh trleasg e laver laye i pad tionehs topsloaing dhecspassbatwesn hiacend.  An

apparatus as £ I i p iocl udi ng nmeans associ at ed
tgﬁlﬁ}elglﬁlgr\g:\g{})ngaﬁa' diPfl bet%\Zf’en e t?‘(ﬁ:sg'h?

wth at |east t yer of sald troug or closing the space between
adj acent troughs in response to air flow between the troughs. 43. An

apparatus as gdefi F‘&ﬁ’?' S LR iR8d ingéran{?{ 3é§'3%i6?él§iﬂ{"@§%ﬁf'efkn§éii&'s port

plate structures inc e surface rib neans adj acent fhe openings ‘therein
posi ti oned t gl seadtui@ninhchidelsudfudeditomettyendjdcaiitahé opdnlivexsltayrein pokitionalighs

t herebel ow. 44. An apparatus as defined in Cains 36, 37, or Claim38
wherein said GHﬁ‘E}@PYﬁ?Hﬂ@ nthcplaieds t@a@ﬁﬁf&émg%%t?s&eg?leyst two plate
el ements of substantially identical

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 together.

45. An apparatus as defined in Claims 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, 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.

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 heat exchanger means so that said

liquid gravitates downwardly through said evaporative cooling pad; fan means



shape havi ng opposed ends adapted to abut one another and neans for
securing said abutting ends together. 45. An apparatus as defined in C ains
36, 37, owoGhaym®8 wherein said support plate structuresTasehooxypsi se at

| east two plate el ements havi ng oppos®d ends adapted to abut one anot her
sai d opposed ends each having cutout portions forned therein which,

toget her, when said ends are abutting, forman opening for a trough and
sai d cooperating neans on said trough and plates secure a trough therein
and the abuttin | at es together. 46, An paratus as defined in Claim45
where said pl! a%ag i@%%ﬁ%lé e¥aparaths\reokpg p bsengpai iPyRrddarayet ficout

portions forqgg é%d&hn%ﬁmi@wﬁ% @g&ﬂgggaﬁng tower conprising a housing,

an evaporatlve oo I ng pa nDunte I n sal ousing, liquid distribution
nmeans | ocat ed abovewgwndﬂbv@@nm@mBuesmdmbumggbddwﬂbwed@e@hﬁbu@ﬂhg;mdliquid

on said heat .e chan means.. so t S ui d vitates downwardly
Chrough sard BUSHOP JAvATcolsRg Bauhalenathbfsdh i Befiw oa «

evaporative cs(a@étmm pam Jf e TRAuRNVEaMGn Bfrbm UBNRR Hpdrifi QU3 1ih B B HROT at i ve
cooling pad thereby fo cool said air; a water collection neans in said

housi ng bel ovirauighs mﬁalpbpéﬁald/biye@d!emgdatp@éllwqiifsmﬁmmgheatrwghsm]awrmf | ayers

of liquid coIIec tr hs . oII cLi subst anti a all.of . the liquid
falling fron1s§$hsggaﬁorago é%b “nlﬁseaﬂqmgmé %F%ﬁgneo ﬁlgg%h %f sai d

| ayers bei ng duatemaidsyin @ifufifhﬁtlmﬁ%mﬂréd&@nﬁg Qi@ NguidFrdn@teRras 16kt dﬂe@gbgﬂﬂs above
or below it; said troughs each having at |east one open end; and gutter

means in sai ENRGLEICHEPUEBS receiving said liquid fromthe at |east one open
end of the troughs. 48. The apparatus as defined in Caim47 including an
external |iquid collecting tank means adjacent said housing for receiving
said liquid f48om sHlecapgmatUéras defanesl in fHainTrheinglyg dyeaan ex tegral dighidreadie¢tingd ai m

0 et o S48 oS TRRLR LGRS L e e, o

tank means and to said liquid distribution neans for punping said liquid

from 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 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.

53. An apparatus as defined in Claim 47 wherein said water collection means

includes at least a pair of trough support plate structures having openings therein



the tank nmeans to the liquid distribution neans. 51. The apparatus as
defined in Caimb50 including neans for connecting said punp neans to said
t ank nmeanwof0ro/xaessveyi ng said liquid fromthe tank meangctrastde/opisop; said
connecting neans having a first end connected to the tank neans and a
second end connected to the punp neans at a | ower elevation than said first
end. 52. The apparatus as defined in Caim50 or Claim5 1 wherein said
tank means has a tapered bottontincluding a drain hole located at a | ower

| evel than the connection of said tank nmeans to the punp neans. 53. An
appar at us as QEFFHENS SAldd ks 47d MY sipctatss Be%tl‘é‘rglttéétnﬁléléﬁﬁa&?ﬁ fremins

i ncl udes at Hﬁé?%mérﬁéhétQﬁa%QPHﬂmc%%HQ%rt plate structures having openings

t herei nfor recelving sa ughs; said plate structures being
| ongi tudi nally spaced from each other along the I ength of the troughs. 54.

An apparat us gs def ned.j, & AEILEH MR SH hnalid it aughs AndipL at e

structures have cooperating neans t her g the t roughs
i n sai d openisngsturdshavArogpppaingimeanaforoied itheecbni for Ccaring 8¢ ttdugheinhwa@ugh
wherein said openings are sufficiently large to allow air to pass from one
side of the JPAM®SStructure to the other even when a trough is filled with
liquid. 56. An apparatus as defined in Caimb53 or Clain154 wherein said
troughs extend general |y para lel to_each other in said layers with the
maxi muns spaclng el MRS Bulshised B Gigim ed sharethrpueh avhgsin PG PRFHRSS of an

I ndi vi dual trou flcthtly o ABRALR ASt0 ssdﬁtf)ﬂlrb‘ﬁg sid@ oﬂl@ ﬂﬁt@@trﬁ@ﬁlre%b tesai d

troughs are Vs i tTansverse Cross-section. . "An apparatus as
defined in C]mmmkﬁanwmeﬁennugakdﬂbd@ughhma¢e U shaped in transverse
cross-section. 59. An apparatus as defined in Cainms 53, 54, or 55
i ncl udi ng neans associated with at | east one of the |ower |ayers of troughs
for closing tite spacepfaeituesndetidgdeiin 58 wgh%aimbisahdeiatsaidaasichone | ayer
when the at | east, one fan i? nd for , , ,

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.

38. An apparatus as defined in Claim 56 wherein 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 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 apparatus as defined in Claims 53, 54, or 55 wherein said support plate
structures include surface rib means adjacent the openings therein positioned for
directing any of said liquid on the plate structure to the layer of troughs

therebelow.



openi ng those spaces when the fans are on in response to air flow caused by
the at | east one fan. 60. An apparatus as defined in Cains 53, 54, or 55
wher ei n swddosuppmot pl ate structures include surface riPoTIoSan®/0adpacent

t he openings therein positioned for diorecting any of said liquid on the
plate structure to the |layer of troughs therebel ow. 61. An apparatus as
defined in Caimb53 wherein said support plate structures each conprise at

| east two plate elenments of substantially identical shape having opposed

ends adapted to abut one another and _neans for securing said abutting ends
toget her. 62.01an appaprataies asdedasd Heldlaim Sévierrin s1d sepporiglats stryfeicsi n sai d

suppor t - pl at &,8 EGHNES 1RGN GRAP Eleffnilof lsﬁ@%&ntfaﬂ?i ﬁéﬁ éﬁé}ﬁrﬁa@fnﬁahaw ng

opposed ends adapted to abut one another, said oppose s ‘each vi ng cut
out portions dpppseecntihadapiad telabetmnetaogththard, mevne forsatd irendsd anetirgbut ti ng
forman opening for_a trough and said cooperating neans on said trough and
plates secur €85 {9%65{gh therein and the abutting plates together. 63. An
apparatus as defined in Caim62 wherein said plate structures each have at
| east one pai

of said cut ouf _portigns formed therein, 64. The appar atus
as defined i f’d ai ?P%F?é?%‘?srffeﬁﬁéd 1 QBERR1-daeT TeHBTCHHEIY YRR Pﬁ?ﬁer of
troughs 'nC'%ﬁ%cﬁnﬂﬁh&n&ﬁﬂﬁﬂ%a@&gmq%%&@néanEH&HQGEgQ@p&kHQh@s&Bﬁ&ﬁg
downwardly on the outer surfaces of the main trough and conducting such

i quid to saitdabeftaneranothansaid ®postH endpppah Anvisg ast ae pomieds farmet diarei64
wherein said ns for collecting liquid.mving dowmmwardly on, the ayter
SUrf aces of CHAPFEF o Lt cbShy e e OPETERT S toien 8 s
suspended belQwpdrhend @WaKtonRAId rfshSal 1@ Bedre QUch BRreil ARd 8RRPar at us as
defined in Caim64 wherein all troughs in all layers thereof include said

means for coldbegiigmdates tge¢ther. 67. The apparatus as defined in daim 22
wherein the troughs in at least the | ower |ayer of troughs include a main

trough and neans for collecting |iquid
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 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.

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 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 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.



novi ng downwardly on the outer surfaces of the main trough and conducti ng
such liquid to said gutter neans.68. The apparatus as defined in Caim67
wher ei n swodomeanmsof or col l ecting |iquid nmoving downwar gcy/uspothessoat er
surfaces of the main trough conprisessia snaller trough secured to and
suspended bel ow the | owest part of said main trough. 69. The apparatus as
defined in Caim67 wherein all troughs in all |ayers thereof include said
means for collecting liquid. 70. The apparatus as defined in C aim 37
wherein the troughs in at |east the | ower |ayer of troughs include a main
trough and mé¥ns f0¥ PBrRBERP AgfneddaiCdaif®i wéeraWWamaalv forcallsetingut er

surfaces of tl{h%id‘@lio{)in% rd%%@asigg oft ﬁgdd{ﬁéri SPEAGHOR el Asih Fro a??ﬂﬁg% pter

means. 71. The apparatus as ined In Cam70 wherein ans for

col I ecting | isguildr tronghrgedesvmnardiuypanded be owuthefovaur faacesawf mainerowgh.n
trough conprises a smaller trough secured to and suspended bel ow t he | owest
part of said main trough. 72. The apparatus as defined in Claim70 wherein
all troughs ia9. al ITHeappaatishe defiried in QlaidecBahereimedansodens ircdl lagetsi ng | i qui d.
73. The appargtus,as defined in Clﬁint47,mherein the troughs in at |east
the | ower | ayesedfinelpgegmd meary ivgecliechng Ha¥ifough and means for coll ecting
i quid nmoving downwardly on the outer surfaces of the main trough and
conducting such liquid to said gutter means. 74, The apparatus as defined

in Caim 73 wier ei hes@pyrafis andefingd ip ilpigcd wheeinghe Gongviingt Wawagar di y on
the outer sur f i g &ﬂ?{' tor secured to
and suspende&Bﬁgf%%ﬁFﬁg&ﬁgﬁiégm%%?#g%}&sa dhﬁgﬁﬁﬁ??gﬁgﬂgﬁgg}R#%Q appar at us
as defined i m&iag doGdwalder @i thealter turbasgh of tha nadih trbeghearsl dohduaof suckcl ude

said nmeans f | lecting |iquid.
(ﬂqu(i\' to salcd gutt%r megns.

71. The apparatus as defined in Claim 70 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.

72. The apparatus as defined in Claim 70 wherein all troughs 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.



