-1- METHOD AND PLATE APPARATUS FOR DEW PO NT EVAPORATI VE COOLER BACKGROUND
OF THE INVENTION 1. Field of the Invention The invention relates to the
field of 5 evaporative fluid conditioning. Mre specifically, the
invention relates to the field of sensible cooling of fluids (gas, liquid
or mxtures with and w thout phase changes) to substantially the dew point
for gas by indirect evaporative cooling within a heat exchanger having
canalized gas and fluid flows and a | atleral tenperature gradi ent across

t he heat 10 exchange plates. Further the invention herein is directed to an
i nproved nmenbrane design, to aid in quick distribution of |iquid,

efficient reservoir systemand a control system 2. Discussion of the
Background. Indirect evaporative cooling is a nethod of cooling a gas
stream wusually air, by evaporating a 15 cooling liquid, usually water,
into a second air streamwhile transferring heat fromthe first air stream
to the second The nethod has certain inherent advantages conpared to
conventional air conditioning: low electricity requirenments, relatively
high reliability, and the ability to do away with the need for
refrigerants such asMRTHOD ANDRLATE AW%&&@/E%Q&WWEM ail.
However, indirect evaporative EYOPORATWVEEQQ@LEBn y used in specially
built comercial applications, and is not yet available on the nmarket as a
residential or after market product This is due to certain di sadvant ages
of known indirect evapor alBACKGROEND OFITHEIINVENTION essi ve cost,

i neffective 25 thernodynam c cycle that does not allow for enough cooling
of air for -2- 4,he FigRNBEInE MMOLKEEN, | THEf iRCEhte YEIERSS BB YieRy 8f em
scal e buil dup, ~poor or expensive heat exchanger, excessive pressure drop,
difficulty apmveaerativg ftuid caeditipoing: Miore speeifigally, theynvententradéeset i cal

limt of to the field of sensible cooling of fluids (gas, liquid or mixtures with
and without phase changes) to substantially the dew point for gas by
indirect evaporative cooling within a heat exchanger having canalized

gas and fluid flows and a lateral temperature gradient across the heat
10 exchange plates. Further the invention herein is directed to an
improved membrane design, to aid in quick distribution of liquid,

efficient reservoir system and a control system.

2. Discussion of the Background. [ndirect evaporative cooling

is a method of cooling a gas stream, usually air, by evaporating a
15 cooling liquid, usually water, into a second air stream while
transferring heat from the first air stream to the second. The method
has certain inherent advantages compared to conventional air
conditioning: low electricity requirements, relatively high reliability, and
the ability to do away with the need for refrigerants such as R-134 and
20 all the disadvantages they entail. However, indirect evaporative
cooling is as yet only used in specially built commercial applications,
and is not yet available on the market as a residential or after market
product. This is due to certain disadvantages of known indirect
evaporative coolers and methods: excessive cost, ineffective

25 thermodynamic cycle that does not allow for enough cooling of air for



cooling), relatively high dew points in hum d atnospheres, large 5 pressure
drops across the heat exchange apparatus, |arge heat exchange appar atus,
and in sonme designs, reliance on a good deal of ancillary equipnment US
Patent No. 4,002,040 issued to Munters et al on Jan. 11, 1977 discloses a
heat exchanger in which there is no m xing between 10 canalized air
streans, and in which the air stream passing through the device is put
through a 270 degree turn within the device, resulting in a |large pressure

drop_engender edth@’eﬁﬁéﬁs&&%o@@é&&-ine%é&tﬁb%b* ¥upplY4psehs arsbiitfural | ow for

cooling fluids other than outside air and cannot bé used in applications
wher e reci r cul apo@mon expesiveciiedtSexdhaPger raxchiesive p1essudd 6lrop.sdidigutty

Rot enber t al Feb. 23, 1993,. b i Mai sqt ko E i t ent
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invention is different in s antial ways fromthe 5,187, 946 di scl osure
20 ( Mai sbt senkopResgicanirGas extro2946es pat cxchange arparatuseparga dieatr eat nent

of product fluids, (cooled fluids, whether gas. as.5 187.946' l;S¢l osure

is limted to, OfCGNEEARPNARYS) and Ilﬂas?'l]i’lend%l%gst’irghefﬂcgt%%atg%%% deg%z)?ate as

efficient heat é,ﬁ@@?@qufdrﬁ@mdry channels to wet channels yet do not

transfer heat laterally al On?\hlt he surface or the plates, or a 25 shall ow
INgt.

slope to the heat exdfanaienpiNa ¢k0023.040]isoued to Mwnersnetrl ag Jagetlilon, but

I nstead di scl os relative hj . (o] r use of
a feeder w ck, @(ZI\‘P'(,SQ,,OSSP 5\'h%%tr%mlaﬂggtF‘e‘ﬁbfcﬂgbéged%u@c?rqgﬁhg(?ﬁpwggﬁ and

costly spray hegghali-eg airadrdamsaHy wavhichanaalr shieaed pgssing tiBdgR4ke ar gues
agai nst the use of channel guides, urging that 30 turbulent flow provides

better effici en@%Ni%iﬁeﬁ)lét_r*thUﬁhsa@J&d%?_géwrbwith%‘, the7deyies.reselgRg il t he
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Munters does not allow for cooling fluids other than ouiside air and
cannot be used in applications where recirculation is desired.

15 US Patent No. 5,187,946 issued to Rotenberg et al on Feb. 23,
1993, but copies Maisotsenko Russian patent (2046257) discloses a
heat exchanger having perforations through the heat exchange plates
and alternating wet and dry channels. The present invention is
different in substantial ways from the 5,187,946 disclosure

20 (Maisotsenko Russian Patent 2046257) does not use. a separate
treatment of product fluids (cooled fluids, whether gas, as 5,187,946’s
disclosure is limited to, or other fluids), the thin plastic plates that
operate as efficient heat transfer from dry channels to wet channels
yet do not transfer heat laterally along the surface or the plates, or a

25 shallow slope to the heat exchange plates to allow efficient wicking
action, but instead discloses a relatively high angle. It also does not
reveal use of a feeder wick, or wick, or reservoir system instead using
complex and costly spray heads located in each wet channel. Finally,
5,187,946 argues against the use of channel guides, urging that

30 turbulent flow provides better efficiency. However, this does not allow
5,187,946 to control the lateral temperature profile of the individual

heat exchange plates. In addition in the current invention by



separating the working air streamfromthe product the working air
decreases in flow as it passes through the channel perforations, reducing
its pressure drop and at the sane tine allow ng better control of the
exhaust channels. 5,187,946, simlar to Munters above 5 is |limted to
cooling outside air. US Patent No. 5,170,633 issued to Kaplan on Dec. 15,
1992, shows the anobunt of ancillary eg@.pnent which can proliferate in

i ndi rect evaporative systens. US Patent Nos., 5,727,394, 5,758,508,

5,860,284, 5 890 32 903, By W orf, B0 LAt SRy 49 Bel ding

et al and Gol an alY displa e sanme syndrone o excessive alr
treat nent equi plenteases éxdiowiag isyasses thrmighashe tdhaseel glegioratibrsy, it

shoul d be borne in mng that a single additjonal heat exchanger ,adds nore
than one third E€EUERE §eﬁ>r§§pu%§i{gp@)faq &t %‘?s?@meTﬁBEee a@%’ﬂ"@%&eﬁ%i de from

the different | p i n t No.
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appl i cand, di sdkdiseeddn cppbag autsdde airnhi ch  alternating sets of wet and dry
pl ates provide two st air; dry,, cogled b nt iL-h the
plates beside it, ﬂdﬁ?&%&?é&ﬁ@ﬁ%@#%ﬁ 8@?%%’2)%% ?ﬁw.‘i\q%ever,
the unit requi rg/Wdehdammbhierf iahcBEy daifradst WHRWS caHt pldliféde tihon, the

design in question does not provide for Indirect cooling only, w thout
addi ti onal di r dodirestap@patative systemag.US Watert Nosh 5 Heddhd.sb8§98f direct

doorrabl e it rebRE2gnr nblar 6 QTRn, S8 ghs B ditiabapifsust 1Ens by
the preggnt invealipgy atsql afddr edtand ha hechisplagihefsamsli syeetromeapr ati ve

cooling PCT Application PCT/US01/04082, filed February 7, 2001, discl oses
one method of eXcessiMataihdreatrseabrauipme. ofn exa@EIing ystaas isuehca®l i ng PCT
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heat exchanger adds more than one third to the overall cost of the
system. These systems, aside from the different methods again only
15 apply for cooling air.

US Patent No. 5,453,223, dated Sept. 26 1995, and nominally
issued to the present applicant, discloses an apparatus in which
alternating sets of wet and dry plates provide two streams of air: one
dry, cooled by contact with the plates beside it, and one wet, cooled

20 by direct evaporation. However, the unit requires two gas flows in and
two gas flows out. In addition, the design in question does not provide
for indirect cooling only, without additional direct evaporative cooling.
While such a second stage of direct evaporative cooling, raising the
humidity of the product air, is often desirabie, it is as often not

25 desirable.

Two pending applications by the present inventor also address
the technology of indirect evaporative cooling. PCT Application
PCT/US01/04082, filed February 7, 2001, discloses one method of
eliminating a second stage of direct evaporative cooling. PCT

30 Application PCT/US01/04081 filed on February 7, 2001, discloses

better methods of design of the heat exchange cores of indirect



better nethods of design of the heat exchange cores of indirect -4-
evaporative coolers, allowing better wetting and reduced pressure drops.
An indirect evaporative nethod and apparatus providing nore efficient air
flow and heat transfer is desirable. The advantages of the 5 inproved
menbr ane, reservoir and control nmechanismof the indirect evaporative

nmet hod and apparatus grant advantages over the previously disclosed
designs yielding nore positive results. -5- SUMVARY OF THE | NVENTI ON The

present inventi é’v%ﬁ?ﬁx&é’%o?é?s] %ﬁ@é\hg@;bgﬁép‘iﬁﬁjﬁd QarkP b &licePprédsiirds of all

types having cros oW ng wet an anne on opposite sides of a
heat exchange pdips. whi ch all ows heat transfer 5 through the plate due to
thin plastic construgti.on or other suitahle terials but prevents or

mini m zos heat t anskBrGRE APPSR 2GR apbares P HELRLTRrS

appl i cation, wegitaht bY 1R RS nest trahdtel Rf dBSirabldleTthe HRBR{RIs Bthace or
heat exchange surface has many configurations. Al are encdnpassed within
the subject of impreved abranes egsemneoie @nidoroniial meghandgm icittiee dtjitest ment to
the wetting and fl ows.as ar |1 known ip the ipdustry. For the, exanple of
the "1l ustr ati SYRRRERHEPETet ang Rtk elin Mgt ST agss Ao (68 o
portion of th?;ﬂ%@km@&ﬁﬂ§ﬁ9§a§Héé@ﬁ§gﬁﬁ§ﬁ%rnéﬁ?ﬁoémvéﬁé@DHQaV'ng_evaDOFatlve
liquid on or in its surface, thus™ 15 enabling evaporative cooling of the
surface and the absorption of I|atent heat fromthe surface. 3. Dry side or
portion of the heat exchanger neans that portion of the heat exchanger
surface where there is no evaporation into the adjacent gas or fluid.

Thus, there is no transfer of vapor and 20 | atent heat into adjacent gases.
In fact, the surface may be wet but



not with evaporative fluid or wet by condensation, but no evaporation
exists. 4 Working streamor working gas streamis the gas flow that flows
al ong the heat exchange surface on the dry side through the 25 dry working
channel s, passes through the passages in the surface to the wet side

t hrough the wet working channel s and picks up vapor and by evaporation
takes latent heat fromthe heat exchange surface and transports it out
into the exhaust. In some enbodi nents, ishe working stream may be di sposed
of as waste and in others it may be used for 30 special purposes, such as

adding hum dity or scavenging heat. -6-_5. Product streamor product fluid
streamis the fluid (gas, Ii%ﬂ%ﬂt@mt passes al ong the
heat exchange surface on the dry side through the dry product channels and
is cooled by the abkog Mﬁ%ﬁﬂtdﬂVﬁéﬁﬁﬂ onwa%s ﬁﬂrlﬂﬁﬁ@dg%‘éa%}ﬂ"?té\é@nceﬁ & he wet

side 5 absorbi b Tr ough
wetting system‘gﬁg%@%’ ?IP?@}QS %%%Fgrcggg neééb?id]n?#\%%a%gg i
illustrations oggpusitel sidas lof e mpaaRRShANgA plaiennnnah alioess héat t‘rensﬁembranes
and the troughs of adjacent mnenbranes work in conjunction as liquid

passage fays an@@i&"l@%dﬂ%ﬁengwd@aﬁi'fbr@aﬁﬂc @@@F%‘PPSOW SthguswitRie of
tt th t
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within the disclosed i nventi on lé{The | ate al so h&%ﬁ)assa yE
perforations or trankfer HaghHang G O ghGals By FETSCEt BE3nd t he
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By neans0 of t hdisgesédriavertion with swpprioprigtegasjustmeaito Hhe ewattipgeasdir e dr op
flows as are well known in the industry. For the example of the
illustration we make use of a plate configuration.

2. Wet side or portion of the heat exchange surface means
that portion having evaporative liquid on or in its surface, thus

15 enabling evaporative cooling of the surface and the absorption of
latent heat from the surface.

3. Dry side or portion of the heat exchanger means that
portion of the heat exchanger surface where there is no evaporation
into the adjacent gas or fluid. Thus, there is no transfer of vapor and

20 latent heat into adjacent gases. In fact, the surface may be wet but
not with evaporative fluid or wet by condensation, but no evaporation
exists.

4, Working stream or working gas stream is the gas flow
that flows along the heat exchange surface on the dry side through the

25 dry working channels, passes through the passages in the surface to
the wet side through the wet working channels and picks up vapor and
by evaporation takes latent heat from the heat exchange surface and
transports it out into the exhaust. In some embodiments, the working
stream may be disposed of as waste and in others it may be used for

30 special purposes, such as adding humidity or scavenging heat.



20 through the system which is reduced. The nethod of the invention nmakes
use of the separation of a working gas flow (that is used to evaporate
liquid in the wet channels and thus to cool the wet surface of the heat
exchanger plate) fromthe product fluid flow, both flow ng through dry
product channels and dry 25 working channels on the sane side of the heat
exchange plate and that both give up heat to the heat exchange pl ate that
on its obverse surface is being cool ed.dy evaporation in the working wet
channel s The working gas flow first enters the dry working channel and

then through perforagi onspﬁﬁqczi%%érﬂép%?mmm SrOBANS tHB_fMi@'?ﬁ]sgrm?’o

across the barrier of' the si de and thence into t

wor ki ng channel fgwiber eniguadoiidi theat pefsské qlord the Heat exehangmeudhce sor f ace,

cools this plate -7- The dry product channels are on the dr Lde,of this
pl ate. The pl at the gropidg tﬂ“ﬁwghrﬂ’t%fjﬂélpr@‘ﬂﬂfélj’\é\ﬂ”@@s?”‘ié%tcopyeﬁbyetpeacr 0SS
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channel to the wet "™working ¢ e one basic unit or elenent of
the 5 i ngenti onabsdrbitig latanm hiebhby tiss bedparbtiohin $epaebaican of wor ki ng gas

flows to indirectly cool_the separate product f|uid by evaporatiyve cooling
It is therefore on 08j ectT@UthWeﬂm%ﬁqu%W ?%‘LBPW e'sa"f‘l??ﬂ ir‘?é"gt%e

evapor ative coohimbhaKkngepes ahe! fiofatrsoubats" oy FeRialesankang

channel s to wet annel's on the opposite side of heat 10
exchange pl at e. céntrals saemt berthebj metmboaneseandvthe i tooughs pefovadiacent

I ndirect evaporative cool er, havi ng heat exchange pl ates, which dg_not
al l ow subst ant MAMHrENES af Ot i ?9’&%@‘%@" Bt H% apgﬁwqf?eﬂay@x@ﬁgnég t hr ough
and acregs the phahR; lofHihPHPIRLRToIRs fRRApEIdY 6f WeRmg e wer Sige df> the
plate that is not averaged out by |ateral heat transfer down the plate.
Aver agi ng t he tthepmeathrapesloirha fnsappatandishane, ridetalativg placement of
this trough or trough like features are merely depictions. Other
orientation and methods and apparatus are encompassed within the
disclosed invention.

15 The plate also has passageways or perforations or transfer
means between the dry side of the plate and the wet side in defined
areas providing flow from the dry working channels to the working wet
channels in which direct evaporative cooling takes place. By means
of the perforations the working gas streams have a pressure drop

20 through the system, which is reduced.

The method of the invention makes use of the separation of a
working gas flow (that is used to evaporate liquid in the wet channels
and thus to cool the wet surface of the heat exchanger plate) from the
product fluid flow, both flowing through dry product channels and dry

25 working channels on the same side of the heat exchange plate and
that both give up heat to the heat exchange plate that on its obverse
surface is being cooled by evaporation in the working wet channels.

The working gas flow first enters the dry working channel and
then through perforations, pores or other suitable means of transfer

30 across the barrier of the plate to the wet side and thence into the wet
working channels where evaporation of liquid on the wet channel

surface, cools this plate.



reduce the tenperature difference through and across the plate and results
in |ower heat transfer rates across the plate Thus, it is part of this

i nvention to have heat readily transfer across the plate fromthe 20 dry
side to the wet side but not readily transfer along the surface of the
plate. It is another object of the invention to provide an indirect
evaporative cooler having a tenperature gradient across the two

di nensi onal surface of the plate, and thus providing working gas 25 stream
channel s having a range of tenperatures. It is another object of the

channel range of | IS an _ o
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streans exiti nglateol® e tieinl Wasdrial pr aflowteaslydrent|isarsfor deoseltieistpatef or use
in cooling. Conversely, the 30 selection ma%/ %e of sarre 'portion of the
wor ki ng gas st rahthusologieadily abiewdeatita tiapgfer Fommiheaty ProdRehenanngl |+ s
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havi ng efficient W cking on alTow ng easy ing of substantially all

of the smrface javestion ilubeative) thehastieldsofthe fseparsticexafassrking gas fikas cool s
the water rather then the air. 5 1t is angwﬁ_r object of the jnvention to

provi de an i ndi tpdedire@ly 5ol e seraain B'deﬁ'. ig by QYARCERIVS RAIMEng 1 qui d
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quickly distribute the Ti menbranes, to provide reservoirs
for wetting anssapocatite oboley bteimytperfodaticns alaviogrtavofrotthdnt wgokidg 10
distribution. It is yet anqther object of the invention.to provide. an
i ndirect evapdi@ng i%an‘érW‘H%‘ﬂn%ﬁ%%ﬁ’q% %ﬁ&PPBHS'ﬁ%éfée, Ogéh? 8 dur i ng
sumer nths, dJ-n3R ygsed to provide cool ed, non-hunmdified air, and
during Wnter mont hs),é’eﬁ)?a may be used to scavenge heat from

It is another object of the invention to provide an indirect

evaporative cooler having heat exchange plates, which do not allow
substantial lateral heat transfer but do allow heat exchange through
and across the plate. This produces a temperature transfer across

15 the plate that is not averaged out by lateral heat transfer down the
plate. Averaging the temperature down the plate would effectively
reduce the temperature difference through and across the plate and
results in lower heat transfer rates across the plate. Thus, it is part of
this invention to have heat readily transfer across the plate from the

20 dry side to the wet side but not readily transfer along the surface of
the plate.

It is another object of the invention to provide an indirect
evaporative cooler having a temperature gradient across the two
dimensional surface of the plate, and thus providing working gas

25 stream channels having a range of temperatures.

It is another object of the invention to provide an indirect
evaporative cooler allowing selection of the product fluid streams for
use in cooling, in particular, the fluid streams exiting from the coldest
product channels may be selected for use in cooling. Conversely, the

30 selection may be of some portion of the working gas streams to give

added humidity to the environment.



15 gases exiting a space while sinultaneously hum difying the space. It is
yet another object of the invention to provide an efficient indirect
evaporative cooler, allowi ng cooling of a streamof a product to
substantially the worki ng gas dew point tenperature. It is another object
of the invention to provide an efficient 20 indirect evaporative cool er
having a relatively small pressure drop for working gas streans. -9- BRI EF
DESCRI PTI ON OF THE DRAW NGS Fi gure 1(a).g.s a three dinmensional perspective
and schematic representation of a first enbodi nent of the invention
method, showi ng they oas  hhMil PALBCOLS e #REKSY BaBrdvide GAPliRaRAT 1 he
gas in passing 5 through a perforafion or passage rroma dry side of a
plate to a wet ewpttatife tdulgd atawingT hefficient svidkingf aictien phivwingasasgpar at or s
to keep the worki _ngé)gfas pat h sepﬁ(rg?te fromthe product fluid pat Fi gure

1(b) is a perspeetingeTandsiatiahael of s %‘?ﬁﬁ’fqaoﬁ’ifo*gme W?WW WEhsi de of
Figure 1(a) Shouiig, e wifibr (atiEousth hifer ihEn 3 aftepi cting the

wor ki ng gas flow after it goes t roug?l the passages and then al ong the wet
surface ®f the channilis ahether estsipclr af ithe ineentiors . toFpovide 14re)indised
perspective and schematic representation of t | at es, such as in Figure
1(a) and 1(b) sHERGGIEEORISE havipg 218y ﬁ%ﬁ@v\i\@?gr'iﬁ’é‘&f W'fPHB'V\A& alli ges of
a first and a S\%P’&ﬂaﬁhél%eof)@rﬁ’ésdévﬂcé?a%ft%@femWﬁé‘ feAierds RASGAERG
oriented in the sane general area and Illustrating the working gas
entering on thedidiripuss diee ligpims $ @l wet meaghbranespés sugdde aiegenains tdfie wet

side channels. The. product fluid is separated fromthe rki ng,gas as they
pass al ong the "Z@ﬁ'ﬁ“gy a@ﬂd@ d:fontfrl?z yste ﬂda&é’éi)nﬁn?)l 8?%“5“3 ila%l lﬂ(ﬁﬂaal
plates ygul d hayietrinddbacent plates having their dry side oppose the dry

sides of these first and second plates. Thus, the stack of plates would
have every it is yet another object of the invention to provide an indirect

evaporative cooler having cycle selection means, so that during

summer months, it may be used to provide cooled, non-humidified air,

and during winter months, it may be used to scavenge heat from
15 gases exiting a space while simultaneously humidifying the space.

It is yet another object of the invention to provide an efficient
indirect evaporative cooler, allowing cooling of a stream of a product
to substantially the working gas dew point temperature.

it is another object of the invention to provide an efficient

20 indirect evaporative cooler having a relatively small pressure drop for

working gas streams.



odd plate oriented with its dry side facing the sane direction and
opposite of all even plates. 25 Figure 1(d) is a three dinensional
perspective and schematic representation of a second enbodi nent of this
aspect of the invention, showi ng a working gas flow path fromthe
segregated working dry path entering the wet side by perforations or
passages and exiting one side of the plate after passing across the wet
surface 30 of the wet surface of the wet working channel.. -10- Figure 2
is a three dinensional perspective and schematic representation of a third
enbodi nent of this aspect_ of the invention showi ng e gas fl ow path when
the invention is used toBRIERBESCRIE JHEDRAWINGS™ 5 Figure 3is a
partially three dimensional perspective and schematic representation of
the flow path of a flbiguts 1émbisda tiee éimensional paserectve a1k SEREBAHE on

howi na. t . . g : ol i .
donum 4 11 ed. priodlere i 8 e S IRR R RE B PRIE Fisthl. SR0AGP, 0L, T
the context of w#eezaslffovripgih of 4he wvorkipgighisabl yodlingeef thengasirpassing

perspective and schematic representation of the flow path of a fifth
enbodi meht of tiHreughgRarioration e Nagsasr oM Shdi sigeviirkPHIe AP Bedduct gas

fl ow when the j. ' ' ] Lar | urt her
showi ng the gaéé'&%?’gw ?ﬁla{tﬁe%ggaqrg%&o?ﬁﬁgeﬁ éHefi@é‘lﬂ—lgedur et({gg?éévkgé?ﬁ?éee

di mensi onal perwpsing yas path segwratt from thepredecttflid pathof an expanded
assenbly of nultiple_channels, show ng. dr gi de flow, additional
perforations, and adaQHfQ)ﬂZtP) @hﬁrﬁf‘éﬁpe%WPd ad \§Chrmatis 1eerestaighof
predom nately im_.t Wafol’ : MO LKINehaaselent er s
and passes thr otESh%ﬁgég%b&pgig%gg Jtm(%w? gﬂﬁneq T@?ﬁt{sﬁ%\?\nﬁ!&%)_ &?gure 6
is a tht@e di nesrsd depictipg tispaorking gasdlosc hent igoes through the passages

and then along the wet surface of the channels where evaporation

AR alnfcahl,

OCCUrS.
Figure 1(c) is a perspective and schematic representation of
two plates, such as in Figure 1(a) and 1(b) showing the wet side

15 channels formed by the wet sides of a first and a second plate
opposing each other, with their passages oriented in the same
general area and illustrating the working gas entering on the dry side,
passing through the passages and into the wet side channels. The
product fluid is separated from the working gas as they pass along the

20 dry side of the first and second plates. Additional plates would have
adjacent plates having their dry side oppose the dry sides of these
first and second plates. Thus, the stack of plates would have every
odd plate oriented with its dry side facing the same direction and
opposite of all even plates.

25 Figure 1(d) is a three dimensional perspective and schematic
representation of a second embodiment of this aspect of the
invention, showing a working gas flow path from the segregated
working dry path entering the wet side by perforations or passages
and exiting one side of the plate after passing across the wet surface

30 of the wet surface of the wet working channel.



representation of the sane expanded assenbly of Figure 5, showing wet side
gas flow after the dry working gas passed through the passages. The
surface of the plate has wicking material to carry liquid 25 fromthe
feeder wick nethod to the edges of the plate and to supply the liquid for
evaporation cooling. Figure 7 is a cross-sectional view of the assenbly of
Figure 5 wth additional plates, showing gas flowwth the side w ngs
being angled upward fromthe m d point-4gThe plate on top has its dry 30
surface The bottomof this plate is wet and the channel guides orthogonal

o the dry side chanagl s, B15. seoand BlALEDAN bbphBlve Wid atRetaRbn the

first plate's wet surrfaces naking the c et ween t I rst and
the second pl atepredentdtien s€aothitldpdrabedineentidfsthisdagpenirdfabe iovention,bot t om

Successi ve plates continue tg match dr to.dry surface, and wet and to wet
surfaces. Fi gur&aving tﬁeiﬁﬁssﬁ%‘{‘fti?ﬂﬁﬁ Wri’%ﬁ'/vﬂaﬁ IRy W”s'ﬁd&?dcg’r &R NG f eeder

5 wick plate b &t ; j des and the upward angled wings orientation
of the core Ia%%wyﬁ?lhyg%lﬁfer. Figure 9 is a partially expl oded

perspectbve vi ew of Rigureaskeisbhy paftidlpethragedimemsionaicpedipegtisehandt i c
representations of gas flow and fluid flow with upward angl ed w ngs of a
core. 10 Figur é%ﬁ?@%"ﬁ%‘??@ﬁﬁ’?ﬁ Qgﬂ?%(ﬂ%’ P& s fe%ﬁ?\}'éh ﬁ%@?@fﬂe&ﬁ of
embodi ment of e, agﬁgam@euma@ Bhg@vﬁgﬂfé‘mkiﬁ HHLrdwAvhdh ithe the

liquid supplied to t mat er | plates by a reservoir. There
woul d be succesisvertign & esedi fdr doglingr pf andlehemidified sprodact dluidsi gode 11 is

a perspective viewof at art core.wth.a center f eeder w ck plate

bet ween the tm&“ﬁﬁﬁ@@%'ﬂ“&t‘ﬁ@@ﬁ“{fgﬁ“ PR t%%&&?‘h&ﬁﬁﬁnthe center and

perforajgons in ar eaFigﬁreeaﬁhsl QY%Fiafﬂ?aﬂ'ﬁéé HivGeRaOh AT petdpectife guRe 12 is
p

an enbodi nent of the feeder w ck ate used in

schematic representation of the flow path of a fifth embodiment of this
aspect of the invention showing working and product gas flow when
the invention is used with recirculating gas flow, and further showing
the gas flow in the context of use.

15 Figure 5 is a three dimensional perspective and schematic
representation of an expanded assembly of muitiple channels,
showing dry side flow, additional perforations, and additional channel
guides with the perforations predominately in the middle of the
membrane. The dry working gas enters and passes through the

20 passages to the wet side (not shown).

Figure 6 is a three dimensional perspective and schematic
representation of the same expanded assembly of Figure 5, showing
wet side gas flow after the dry working gas passed through the
passages. The surface of the plate has wicking material to carry liquid

25 from the feeder wick method to the edges of the plate and to supply
the liquid for evaporation cooling.

Figure 7 is a cross-sectional view of the assembly of Figure 5
with additional plates, showing gas flow with the side wings being
angled upward from the mid point. The plate on top has its dry

30 surface. The bottom of this plate is wet and the channel guides
orthogonal to the dry side channels. The second plate has its wet

surface facing the first plate’'s wet surfaces making the channels



Figure 8 with grooves that run sone or all of the way fromthe highest 20
to the I owest point to speed liquid transfer to the bottomof the wick and
to all ow excess liquid to be drained. Figure 13 is a second enbodi nent of
the feeder wick plate with hole through the inner part of the feeder w ck
plate.. Figure 14 is a third enbodi rent of a feeder wck plate 25
conprised of a sandwich to aid quick distribution of liquid to the outer
perimeters of the feeder wick plate and4f§o aid drainage. The sandwi ch is
conprised of materials with two different porosities the mddle |ayer

havi ng greater @@W%Ehftﬁ gtﬂ?ﬁn‘ar@ﬁﬂeoé’écgfndg@ﬁﬁ Wﬁ{:l Q‘H%E‘sék%nhs%étepﬁé§ ﬁgctl ve

view of two cor I gure the air pathways shown and

i1lustrating a @&§palrficecsn ﬂﬁpbbﬂbmeSucttéEm\leNpiad:m esntirueatal nmatch ely
transfer rates by breaking up the paths -12- into segnents and thus break

up large pat hwadpganusuERace ran wet BB@MWSP%%@% which in turn inhibit heat
transfer., Figure 16F| rea@ |@§E)%V%ﬂ%/ct9fe %?%r%'éldﬁ%%@wﬁﬁ% jedlekng in

conjunctlon V\nthafe er W C eln assenbly such as figure 5

8, 15 amgl ot herwcnbpldtérﬂmtmeﬁhmeuppersudeseamcbithefe;mdarct amgfesk ddngsi ck
plate. The |ower reservoir g? of .a float valve determnes if the w ck

is short of |icRrientaten @Wiﬁ‘?c’f% %@frpm\g}e ¢YBFvoir level in the bottom
reservoir, which th%\g $ gn Q%rﬂﬁﬁ{jeéxpﬁ?débe QsPERRkY vidkeof | AMUid to

the top reservoir. Igure 1 he reservoir system of Fi gure 16
i ncor porated vadsentbip ocmesinarsa’emn,l ipclobing spheend@ic rapirgserdations sf gas

Show ng. wor ki nglhaRAGE TP aBied s 5 2 BTt r ough formed | h the
Fgat e hgying liquid ﬁguﬂ%ewfoor@téoaénifaﬂy ék;ﬂaa@ldt pe.@,@ééwéw\ﬂy@h of Oa he next
yer atter it reache a predetermned level in the trough gon t he bottom
of Figure 18), embodiment of the invention using a plate such as Figure 1(d) with
the liquid supplied to the wick material on the plates by a reservoir.
There would be successive plates with dry dry and wet wet surfaces.
Figure 11 is a perspective view of a two part core with a center
15 feeder wick plate between the two wings with the wings angled
downward from the center and perforations in area of each layer
nearest the center wick.
Figure 12 is an embodiment of the feeder wick plate used in
Figure 8 with grooves that run some or all of the way from the highest
20 to the lowest point to speed liquid transfer to the bottom of the wick
and to allow excess liquid to be drained.
Figure 13 is a second embodiment of the feeder wick plate with
hole through the inner part of the feeder wick plate.
Figure 14 is a third embodiment of a feeder wick plate
25 comprised of a sandwich to aid quick distribution of liquid to the outer
perimeters of the feeder wick plate and to aid drainage. The
sandwich is comprised of materials with two different porosities the
middle layer having greater porosity than the outer layer.
Figure 15 is a perspective view of two cores similar to Figure 8
30 with the air pathways shown and illustrating a separation gap between

the two cores to aid in heat transfer rates by breaking up the paths



a second trough plate Type 2 simlar to the Type 1 plate, but with the dry
side up, with product and working channels and the liquid perforations
with trough | ocation at the bottom of the trough (on the 20 top of Figure
18). Figure 19 is a perspective and schematic view of a stack of plates
with a Type 1 plate, and a Type 2 plate, and a second Type 1 plate and a
second Type 2 plate and a third Type | and a third Type 2 showing the path
of liquid as it enters the top of the thgygh of the Type 25 2 plate from
the plate above and exits the liquid perforations and drops to the trough

of the next |lower plate, a Type,l plate where the i qul u es in a
reservoir until NtHeS§9HENE ?éacﬂw tqﬁgglf V| lagge Raﬁéwg?%&vgﬁper oér%ti on in
the sides of thgotk@glaydisinhict indtid MhisiEheéMesandfer. t he trough of the next
| ower Type 2 plate and continues.. The liquid 30 thus cascades downward

| eaving a reservoir biguré d6i i¢ am askembhoofs EEen&ichipingand yahdpg.in- 13-

Figure 20 is a per.spective a chemat i c. vie and Type
2 plates with ag?fi‘lkjﬁ&&f’wﬁti@ﬁg?aﬁfewlc ﬂéﬁtﬁpﬁ?\%é}h’hgﬁﬁnﬁ&bﬁﬁéh%ﬁuﬂ%ugh of
this stagk, andghgyizg éhbeeniotifeard ThaQbpchgesémoirseads the fawterol the
air and liquid passage to the correct pathway. 5 Figure 21 is a perspective

and schematic vwislk gatea ShadRwer respypeir byamay v gefloa plabteedetesmings ifi gur e .
20, with liqui dgh%u\&%kﬁs %Hgﬁéf]%%lg%thhg% ag&}é&l r \%ﬂ/d‘l’ﬁ' ROLLAThEEser voi r

to collect liqu devi ce et ect et her 11 qurd needs

to be added to piomStaskohewhichetheh tusmgen tiad fsedervhlie tDELANPEMGre
DESCRI PTION OF THE | NVENTI ON Figure 1(a) is a three dinensional perspective

and schematic lad &3 8ia @D @FEBPITan enbodi ment of a prinary el ement of the
I nventi gy denonstratipg, L b9 JBLRAHe P¥sdtIbl BysRh bPEIgureqb!iRELPEFAES

with the core assembly of Figure 8.
Figure 18 is a perspective view of another embodiment of a
Type 1 plate, wet side up, showing working channels, and gas
perforations with a trough formed in the plate having liquid
15 perforations for liquid to pass through to the next layer after it reaches
a predetermined level in the trough (on the bottom of Figure 18), and
a second trough plate Type 2 similar to the Type 1 plate, but with the
dry side up, with product and working channels and the liquid
perforations with trough location at the bottom of the trough {on the
20 top of Figure 18).
Figure 19 is a perspective and schematic view of a stack of
plates with a Type 1 plate, and a Type 2 plate, and a second Type 1
plate and a second Type 2 plate and a third Type 1 and a third Type 2
showing the path of liquid as it enters the top of the trough of the Type
25 2 plate from the plate above and exits the liquid perforations and
drops to the trough of the next lower plate, a Type 1 plate where the
liquid accumulates in a reservoir until the liquid reaches the level of
the liquid perforation in the sides of the trough where it exits and goes
to the trough of the next lower Type 2 plate and continues. The liquid
30 thus cascades downward leaving a reservoir of liquid in the trough of

each Type 1 plate.



5 This el enent enbodinent is forned as a flat plate (and thus al so

referred to herein as plate 6), includes perforations 11 which connect dry
side 9 to wet side 10. Dry side 9 is further subdivided and segregated
into product channels 3 and working gas dry channel 4: perforations 11 are
wi t hin working gas channel 4. Wt side 10, see 10 Figure 1(b), is wetted
with an evaporative liquid to provide cooling. Wt side 10 al so has wet
channel 5 Dry channels 3 and 4, Figure _4k(a), are segregated so the worKking
dry gas is kept separate fromthe dry product fluid. Channel guides 8

define dry channels 3 and,4 by reventing intermxing of e et ween
the channels 3 and 4'2:;'&?1‘&‘9 ﬁef’a‘%@@? Ve g@ﬁj fcﬁ?gw)s{lpe‘ge&c?i)gsﬁ%?&(ﬁ 6 from
the perpendi cul {p@asand T8 PBplated Wih & MQlid Seakeer thbetiBsuPpht Bq@dits very
thin, heat may Tteadily pass perpendi cul ar through and across this plate

fromthe dry sihgetopdrough ekthisistask, and havingartap aatel and asp&iicairt o

mnimze heat transfer, along.the plate. A r t en is plastic
The materials 2%9%1&0 FHB“@‘Hﬁﬁ%é'i a%ﬁﬁlé'g Pféﬁaﬁé ﬁ giﬁ g&&%‘ﬁdﬁ%‘%%r riers to
define channel s mayFRUsP 2adiantraspastivie g Wchbmatievigh easstask ich as
possible fromthe adjacent parallel streans on both sides, thus offering a

low rate of "phype lanchEmpe Lrelateseas infigwe, 20 iHvlRide ssppbalvbes &t uid 1

and a working stre S a i Y d iy : hannel s
3 and 4, traver@oﬁgqbﬁi %&yleg'?héﬁdo%%pc{@tﬂg%ég%ﬁr(fgg tPa{r:n&}r%} I'?‘P@wq{%’réi ng gas
stream 2 then fhpwhofifly dedite edétectivhetiferliyuid nebds wetbesaddedQodhd into
channels 5 Wet channels 5 on the wet side directs gas stream2 in a

di recti on sonewklack bgeapshal €sag%e rates.per pendi cul ar to the fluids flowi ng on
the dry side and 30 across the wet side 10 of plate 6, where it receives
heat in several -15- ways: first, in the formof evaporation of liquid from
wet side 10 and second, as heat rejected by conduction and radiation from
plate 6. Thus plate 6 acts as a heat exchanger and as an indirect
evaporative



cooler Gas flow 2 energes fromthe indirect evaporative cooler 6 as 5 gas
streans 2, as indicated in Figure 1(a) and Figure 1(b). The cross fl ow need
not be exactly perpendicular, as long as the flowis "substantially
sonmewhat perpendicular”™ At 180 degrees, the flow becones a counter fl ow,
and at O degrees, the streans on both sides of plate 6 may be parallel. A
substantially sonmewhat 10 perpendicular flow may occur at an angl e between
these two extremes, provided the angle_4allows the streans on opposite
sides of the plate to cross each other, The inportance of having the
streans on opposite sides of plate 6 is that thish&ovi des a tenperature
gradi ent and tenperaturmtgmﬁ_@m_ﬁ%aHEﬂ ENTION t hi s enbodi nent
all of working gas stream 2 passes over the center of the plate 6 in dry
channel 4 On the obveigses dialeisoé tpiest dintznsiomal qrerdpsctiyeammeisciemgis st r eam
2 is in contact with the wet,  side and, is copled by _evaporation t he
inlet, stream 2r$PERSSMHBIRY yOisiade %rﬂbO‘@H}%eP% P%%B@f i e@é’hi e 66’% he
evaporation on jhen@hy 8eARNStEEng the thdthad BybwRithsndieé& cd®ling eweard ng of
stream 2. Thus as stream 2 proceeds down channel 4 on the dry side before
ent er i ngbper f or Ahisoalsment , embodining is Jormeddt as iad8al plate Hendethupudlso

tenperature. Thi recoolin i he, dr L de | 1.0 |.S: St 0 enter
the wet side cof ?%ﬁ?e‘ﬁ%ﬁ'eﬁ'g aso&?t‘ﬁ ﬁhl'n%(lg %Pgﬁf%'%eiﬂﬁﬂ% é\n&ﬁ?%
continuing | owegnWeigebul B wit tREPgDaDH/esidéne rRaRatherabilsdividbdt Ard gas
streans 1 and 2 r1‘yurther increases the efficiency of the device by allow ng
control of the $egregaiedhinto produsd chepnelsod astd werlges sagr drytehannehder at ur e

differential through.an acr 0SS, - ' r e ow of
gas stream 2 th?%ﬁ ﬁt'gﬂgﬂ%&{%@ﬁ@hgﬁﬁg"@ §?§§h%{|ﬂ§f1§t ;\?\/t%@g?}’% EQ ?%%w of gas
st ream 2ot hr oughigtihe 1(Metis GRstRRE WsthSan i dvaipsrativey ligliy tensroviale absiorgd t he
maxi mum of vapor fromthe evaporative fluid.. This i [1 urn 2b'§orbs t he
maxi mum amount Wgg-side 10 also has wet channel 5. Dry channels 3 and 4, Figure

1(a), are segregated so the working dry gas is kept separate from the

dry product fluid. Channel guides 8 define dry channels 3 and 4 by

preventing intermixing of the gas between the channels 3 and 4 and

15 relatively freely transfer across plate 6 from the perpendicular gas
streams on the other side. As the plate 6 is very thin, heat may
readily pass perpendicular through and across this plate from the dry
side to the wet side. The plate material is selected to minimize heat
transfer along the plate. A preferred material is plastic. The materials

20 of the channel guides aside from providing bartiers to define channels
may also advantageously insulate the streams as much as possible
from the adjacent parallel streams on both sides, thus offering a low
rate of “parallel heat transfer”.

In use, a product stream of fluid 1 and a working stream of gas 2

25 are respectively drawn into dry channels 3 and 4, traversing the dry side
of plate 6 in a laminar flow. Working gas stream 2 then flows through
perforations 11 to the wet side 10 and into channels 5. Wet channels 5
on the wet side directs gas stream 2 in a direction somewhat
perpendicular to perpendicular to the fluids flowing on the dry side and

30 across the wet side 10 of plate 6, where it receives heat in several



of latent heat (transition fromliquid to vapor), which in turn allows for
the greater tenperature differential through the plate 6. Thus channel 3
nearest the channel 4 will be cooled the nost. In practice the product
fluid may be any fluid (air, gas, liquid or 5 mxed) for which dry cooling
Is desired, that is, cooling without addition of a partial pressure gas
conponent derived from evaporation of the cooling liquid. For exanple, in
comercial and residential usage, the f4suid nmay be air and the cooling
liquid water: the product air streans that energe fromthe dry side

channel s | nvent |, dficbanbLaih JIRO A brABY iQUE fikhyacdad 1d bngan be

refrigerants, dring nges or coollng to
| oner tenper at us@@arhiefay Reds eajected w@ananmc&vengnealtaemnefrbmptaneuaas in the
refrigerant cycl e at low cost. In the enbodi nent pict r“&g in Fi ure 1(a),
the segregationl#s plede fractasieid hgatiexchanges andgin @"hénCE l%’t"‘p‘f’r%' 8 1 may

be by channel ?reSG%sth)gs? Q%e@gs@rﬁsﬂig%d’m e@gb?&ﬁl@é oG5 gs! N the

end of dry channe rier prevents”the working dry gas
from exbting agaks sirgamg ZMatshntﬂibatan!rmd-‘ugmref1(aD dnd IFigyeat(b).6 i s corrugated,

the channel guides are partiall [ OV] t he corrugations in the plate
20 itself. The channﬁ'ﬂegﬁﬁ%ﬁaﬂo‘()w{ﬁ g ly fiereendie a[)rasbiqr}g 8Pdes of

pl ate 6 and bet Mals | t assi ng
of fluids bet m@%ﬁ@%oﬁ%ﬁﬁ%’ sét%) e\tﬁﬁgt g@F g:a?;e‘ﬂ%fat@ %(I?\r?%@‘éﬁsﬁer case,

t hey function tihechamrisicoties gacs)umrterfﬂlmw,dasd re¢ dhvelegeeed, tlmeaystralasm on

advant ageousl y ntain the separatiqn te 6 25 plates, in
t hose embodi nenggthhﬁ@ﬁﬁgo’ﬂﬁiaietﬁdﬁaﬁﬁ%e $I|ec?r aﬁsf‘ tan%{[] Ye SO1F ition
corrugaygd Cha”ﬁ@JIpeHHicha? BW bﬁays@éﬁdr apeér‘f"eﬁlzglef |b@lwéérﬁtl¢:‘és§ twd whi ch

case no additional separation is needed. Wt si 10 of plate 6 may
advant ageous| y éxitgroes, prowided thamigle aﬁmwﬁ itheet Stfa@@ﬁl@ @Dp@ﬁf@n%’ﬁﬁﬁ idig t he

cool ing l ' qui d tﬁg@ﬁfel ’ﬁoecrgg'};feggé other (rael}‘nepcj née otfr?’]%v}’?’)'gcéf‘nel S&AmEBy cover

substantially t
on opposite sides of plate 6 is that this provides a temperature

gradient and temperature differential discussed later.

15 In this embodiment all of working gas stream 2 passes over the
center of the plate 6 in dry channel 4. On the obverse side of plate 6,
under dry channel 4, gas stream 2 is in contact with the wet side and
is cooled by evaporation. At the inlet, stream 2 (on the dry side in
channel 4) is being cooled by the evaporation on the obverse side of

20 plate 6. This acts as precooling of stream 2. Thus as stream 2
proceeds down channel 4 on the dry side before entering perforations
11, it's dry cooled to ideally the wet bulb temperature. This precooling
in the dry side, allows this stream to enter the wet side cooler than its
original temperature therefore with a continuing lower wet bulb

25 temperature. |

The canalization of the gas streams 1 and 2 further increases
the efficiency of the device by allowing control of the flow within it and
control of temperature. The temperature differential through and
across the plate 6 is generated by the flow of gas stream 2 through

30 the wet channels 5; at the start of the flow of gas stream 2 through the
wet channels 5, it is very dry and can absorb the maximum of vapor

from the evaporative fluid.. This in turn absorbs the maximum amount



area of wet side 10. The wick | ayer may conprise any of a nunber of well
known materials: cellulose, organic fibers, organic-based fibers, -17-
porous plastics, carbon-based fibers, polyesters, polypropyl ene,

fiberglass, silicon-based fibers and conbi nati ons of these substances. The
wi ck | ayer material may be in a nunber of forns: filns, weaves, Dbraids,
beds of particles such as beads and conbi nati ons thereof. 5 Advantageously,
the wick layer material may be the naterliéal of plate 6. For exanple, plate
6 may be a wick layer material treated on one side to neke it inperneable,

the i npermeabl exfSiafhttHeeR (H8hsFon ‘ﬁ%ﬂ@'hé@udtthe\/dﬁy’oy) iien o nrhadliews fofhe
treatnent may consi st of ‘chang mg the nature the wck |ayer materi al
i

itsel f, or coatthegreataritempetatere ﬁererﬁlailbmraugle tfs@plﬁtaﬁ altplsaghamneti | m or

equi vaI ent. The,w ck | treated to be of |ow

perneabi ity i ngpgﬁwséﬁ%ghwelen\?ﬁrb@@ 'ﬁ@g? SES5e. In this application,

"l ow perneability" npagactiéddie Rﬁiu@ﬂﬂu@maif u@eéwﬂaul(@wegaéhlrmbrpl ate 6

to dry side 9 is small  enough that the gas streans crossing étmde 9 do
i

not becobe 15 smb@d&mr\almbbdiﬁwm)@liffg igdlesiradathat isscoslime withoubadditienol ed by

rper meabi o dryoict dar e R B bABRERR does b R difiad Rt e

clai med herein. co%i]ihgrlilﬁ]@td VEbY ex&hpleYhi ebmdherefal Rhatresiieiitiyl sagenies meabl e
and 20 treated to render it perneable or to wick on the wet side 10 In

either case, tfhidraaxpeaair andghatceolng figuidiwatarethe peadct 4kl sgirerﬁrgﬁ
resistance to tﬂﬁﬁéwtgg‘@élgrgﬁ{)the ls‘?d% Eﬁénr?aﬁ? Hﬂ)eh'ﬁgéb d%osc?\;vltﬁﬁﬁt 4V

transfer through p ecau canho tran ferred

lateral{y acraasy hienigitptaideats dlltscaussb@d refeigbiats, 2ihét alueing physal so
receive its cooling liquid froma feeder wick, as will be discussed bel ow
in reference tFaREs A dionaiav for @&lmartﬁt'P\Uﬁét%pwrﬁa\kﬁﬁ?@gﬁ%sI y be

round or other SRARGR achieve greater efficiencies in the refrigerant cycle at low
cost.
In the embodiment pictured, in Figure 1(a), the segregation of
15 the working dry gas 2 from the product fluid 1 may be by channel
guides 8 that act as walls between adjacent plates. In the end of dry
channel 4, a barrier or wall 12 prevents the working dry gas from
exiting and mixing with the product fiuid. [f plate 6 is corrugated, the
channel guides are partially provided by the corrugations in the plate
20 itself. The channel guides would be present on either or both sides of
plate 6 and between the product fluid and working gas to prevent
passing of fluids between the corrugations of the opposite plate. In
either case, they function to channel the gas or fluid streams, and
may also advantageously maintain the separation of plate 6 with other
25 plates, in those embodiments having more than one heat transfer
plate. In addition corrugated channel guides may be used in between
flat plates 8, in which case no additional separation is needed.
Wet side 10 of plate 6 may advantageously include a wick layer
material capable of transpiring the cooling liquid across wet side 10
30 Preferably, the wick layer may cover substantially the entire surface
area of wet side 10. The wick layer may comprise any of a number of

well known materials: cellulose, organic fibers, organic-based fibers,



havi ng no corners, or shapes such as polygons with rounded corners not
only to increase the durability of the plates but also in order to 30 help
prevent turbulence in gas stream?2 as it is passing there through. By
preventing turbul ence, the pressure drop across the indirect evaporative
cooler may be mnimzed, with corresponding increases in -18- efficiency of
operation and reduction in construction costs. The perforations may be
passages, such as micro pores, rather thgm perforation. Plate 6 may

advant ageously slope so as to prevent 5 accunul ation of excess water,

andfor to all Ogg&gugmﬁﬂﬁﬁﬂzgea&;rb%aﬁé%e@ fifers! tpdl \Aﬂes?@r%t a?ﬁlg}ﬁ’rdd}t&&‘lpp' y of

the cooling li water reservoir, ki ng
mat eri al may acﬁbérgldseep;lmm basde f;lb@rs amd)pbmmmnb ctfdﬁmdasmgubstqucets. By

keepi ng the slope quit ow, fro t d t
applroox?matel y ﬁbegf\é*lﬁlf E’ﬁ?r\%%@”@g] %lx:agialfrg%gb?’fl%r 5 di rﬁ%r‘ﬁégv%t si de
10 i's rendered guen He of%faHd?é@Q ché&b%eeta% @ﬁ% ﬁétmfﬂ s fep@s, the

maxi num w cki ng he ght” of  "the W|C|ng mat eri al mts the width of
the plaths. In ext reAﬂvarﬁageeuslyrtaasupcckdayemnnamnabmazyebmﬁmemammlfofc| ent or

i npossi ble, th d t | hi dd
Lo an 18 | nadeqUiSsdBISkamIRauRIE S T bPd VSRdOMTIaRa BeREliPHG on ¢ he
nature of the ﬁé‘s‘ic?e}’?d nﬁaéeert'a erfnd@bMd, qherrmpeﬂ%abreaaae%bnl bh&iHgd to

the entire wet S|de 10, leaving some areas dry, or It may |eave soie
sections surfacesett yssbthe wlryhslde eholade 6.i qifhe freatre@rltl oiancoasisbafat i on

to create high Ievels ati hum_ dj t s stream 20
Thus a | ow angl ﬂ’ées ng @.053?%1%'9“ 'ﬂyéé néqtppgl 'g%tl#\ﬂr%?%ﬁag "a ﬁﬁfor

gi ven nggi mum V\ér%‘%hégsﬁﬂ%tghée sath a%% SIBSE ﬁlﬁnlﬁ’ré&;bwa@n@t ghe wmm@e?o have a
doubl e-sl oped "V' cross-section as is illustrated in Figure 7 and Figure

8, that is, plametsiakapay bectrested drbei ohlovenarmeabiits ingteaty afpeieg with a
medi an section lr(ﬂvl\glry ltr#ﬁ"‘é]'meable‘. In this application, “low permeability” means
that the amount of water allowed through plate 6 to dry side 9 is small
enough that the gas streams crossing dry side 9 do not become
15 substantially humidified and are not substantially cooled by
evaporation.  Substitution of a low permeability dry side for an
impermeabile dry side nonetheless allows practice of the invention as
claimed herein.
Alternatively, the material of plate 6 may be impermeable and
20 treated to render it permeable or to wick on the wet side 10. In either
case, the material of plate 6 should have a relatively high resistance
to heat transfer. While this has almost no effect on heat transfer
through plate 6, because it is thin, heat cannot be transferred laterally
across the plate, as discussed earlier.
25 Plate 6 may also receive its cooling liquid from a feeder wick,
as wilt be discussed below in reference to other embodiments.
Perforations 11 may advantageously be round or other shapes
having no corners, or shapes such as polygons with rounded corners
not only to increase the durability of the plates but also in order to
30 help prevent turbulence in gas stream 2 as it is passing there through.
By preventing turbulence, the pressure drop across the indirect

evaporative cooler may be minimized, with corresponding increases in



25 two opposing edges or wings. The two slopes may be of different |[|engths
or angles of slope, or may differ in nature of wick layer material or
other factors.. Plate 6 may al so be equi pped with a "stream sel ection
danper” (not shown), allow ng selection of only the col dest gas streans
from 30 the dry side of plate 6 (i.e. those also it may include danper to
sel ect sonme hum d working gas to add humdity to the environnent to the
center of the plates), or all of the gaggtreans, or sonme internediate -19-
selection By allowing only the col dest streans to be used for cooling, a

smal l er but coldgr.gas flow is.provided; use of a |large | ecti f th
gas streans pro@ﬁ'&@g‘lcé{ Pé@@fatég% qqdo\xgd%&@{; ﬂrhé;oﬁﬁﬁﬂgﬁlgrfrafps(?ée: EB?Ohum' de
wor ki ng gas forpéﬁsra&ianeufﬁg@sﬁ‘é | Dk 8NSUERNSE Hhicr® o8y ath@rithan three

di mensi onal perspective a emat | representation of a second
enbodi nent of tperfeladioent of the invention. In this enbodinent, plate 6

has perforations 11 ng .one side rather than down the m,ddl in the
previ ous enbodi ment . Blagflaﬁneﬁnaéfui%g’?”gagﬁoéﬁ’iye gf’?%ﬁ’é’nn@?st‘é fﬁ%\'éﬁ In this
enbodi megt, 10 ghaRn@htigN ofexcdsrivatdr BAd/oPts allbRYa ertRIget beplateypes of
gui des, as previously discussed. Channel guide 8 also serves to prevent

flow of gases tof 8it of contackdyth ef synply of dhe \sopkngdagids ssicheasma2waiadws i n

channel 4, product stregam 1, flows .in ch I St.r t r ki ng
gas, flows thr ol & e({.?p%ﬁlge MCIf'Bgéﬁg%ﬁgl %?%%‘gtt%ﬁ%&ﬁ@)t ,Sh]%s?g(r)ld t hen
flows across theysinear w2h Sédtfingfliqli@t eB§ Heepitep@id shipd quiiedsw, gasmst ream
2.. Figure 2 is a three di nensional perspective and schematic

representation appraximately eftBodiegeees ofo tarprpdmatelyort,1OsiRarags 1 Hee gas
i th oad B Tt s b Nall HERRs Kot ML I i Ehdtiet PP ek P i
may be referredeffigiens @itrgrebiceamyesiod sidpe, tio magmuimuicking height of
the wicking material unduly limits the width of the plates. In extreme
cases, transpiration may be rendered inefficient or impossible, thus
reducing the amount of evaporative cooling achieved due to an
15 inadequate supply of cooling liquid to evaporate. Depending on the
nature of the wick layer material, the wick may not transport liquid to
the entire wet side 10, leaving some areas dry, or it may leave some
sections surface dry but without enough liquid for efficient evaporation
to create high levels of relative humidity in the working gas stream.
20 Thus a low angle provides considerably more efficient wicking, and for
a given maximum wicking height, allows greater width.

Plate 6 may also have a double-sloped “V” cross-section as is
illustrated in Figure 7 and Figure 8, that is, plate 6 may in cross-
section resemble a shallow valley with a median section lower than

25 two opposing edges or wings. The two slopes may be of different
lengths or angles of slope, or may differ in nature of wick layer
material or other factors.

Plate 6 may also be equipped with a "stream selection damper”
(not shown), allowing selection of only the coldest gas streams from

30 the dry side of plate 6 (i.e. those also it may include damper to select
some humid working gas to add humidity to the environment to the

center of the plates), or all of the gas streams, or some intermediate



will be assunmed to be water. In winter nonths, it is advantageous to
exchange heat between exhaust air |eaving a warned space and cold fresh
air being brought in fromthe atnosphere, i.e. the out door air or 25 other
source of environnmental air This reduces the heat required to warmthe
fresh air. The present invention also allows the addition of humdity to
the fresh air, thus addressing another wi nter problem cold outside air

t hat has condensed noisture out and theri®ore has a | ow absolute humdity
or extrenely dry air that results in dry inside air as 30 the npisture on

the inside redusgsctidr. hBY aa6WirRy dnig Renesisie sthedhs to BEWBeTor dbSlingLycl e
sel ection" as to which streamof air is exhausted -20- to the atnosphere,

and whi ch goes @ é&maller bpheeldes ags ftamds prayidatl; use ofaa fargeupelestior®bodi ment s
havi ng t hi ln Figure 2, Plate 6 d ' t _side 10,
Channal | gut dos. 1B 68, rgaMel PRdee 2 b o 18, Megs HES PP Emal t  oned

space as air Ssgédteaimid Wekinggaeiorfusesh hamiddyirgbarenvabanidrews t hrough
perforation 11 As in_the two previous enbodi nrents have shown, plate 6 acts

as a heat exchangerFigsre debbiseantbsge siimessaignat Persrechve and sehematia, on
d ide 9 On ' ] ' ] th t
ry siae "%@@ée Zatf)t?‘hecﬂ" G %%ﬁﬁ@{i” érﬁwbo‘a\gﬁ%ﬁthro?“% 9&?&%%@{ ﬁofigh% e we

side (not visibl an para ¢hann recelving eat (via

conduction and inashtidn. ol tHisémbodlidehly plated axaperfatatoms 11 awngwete si de 10.
Wet side 10 may have a wick material, as discussed previously, and the
construction ofSige dathes thagadenwndhepaidaanasipythenprexious embodiremtent s,

Loder o SkS: ORI HBACS roF AR, 9OEIL 4 MSopBLERRREC! oot on
ener gy ®0ready crmedet guidesa aee ribst bglameysmaprb&emthed tydeis| @f @'!wid”ésl,i ay is
B 0 L he oMb SSra: oo Skl SuSs ey aretens o
war m ng/ hum di f{£a%I @ of one edge of plate 6. Working gas stream 2 flows in
channel 4, product stream 1 flows in channel 3. Gas stream 2, the
working gas, flows through perforations 11 to channel 5 {not visibie),
15 and then flows across the obverse side of plate 6 to depart plate 6 as
gas stream 2.

Figure 2 is a three dimensional perspective and schematic
representation of a third embodiment of the invention, showing the
gas flow path when the invention is used to warm and humidify an air

20 stream with water. Thus, in this embodiment and those following, the
gas steams may be referred to as air streams, and the cooling liquid
will be assumed to be water. In winter months, it is advantageous to
exchange heat between exhaust air leaving a warmed space and cold
fresh air being brought in from the atmosphere, i.e. the out door air or

25 other source of environmental air. This reduces the heat required to
warm the fresh air. The present invention also allows the addition of
humidity to the fresh air, thus addressing another winter problem: cold
outside air that has condensed moisture out and therefore has a low
absolute humidity or extremely dry air that results in dry inside air as

30 the moisture on the inside reduces with fresh air changes with the

outside. The “cycle selection” as to which stream of air is exhausted



20 cycle. At the sinplest, the cycle selection danper may sinply be used to
sel ect which streamof air is passed to the space to be conditioned: the
air which passes only across the dry side 9 or the air which passes across
both dry side 9 and wet side 10. The danper may al so provide different
sources for the air streans 1 and 2, as wll 25 be obvious to those
skilled in the art . Figure 3is a partially three dinensional perspective
and schematic representation of the fl@&@-path of an enbodi nent of the

i nvention in an assenbly showi ng the gas fl ow when the invention is used

for cooling, ang fhardthRssphBRM 1l WARNIGSesSio PRSP el tBe L 8ok @bned, 30 use In
this enbodi nent, one gas streamis air froma conditioned space. Since

that air frequeafégiuenel gbodinuents havingridist aroaregeregaice cool er and dryer
than outside air or cooler th desiccated, ajr, [t.c -21- ofitably be
used 25 the verki ng GHHEG fn° PR CoFaOvaTIEe bebrigh . eneB] Auekeron.
I ndi rect evapor&tah@Péﬁ@ﬂaﬁanHQE AP sEHM i 586 thBadMAltictietidacedas Rirural ity

of perforations (collectively nunbered 11 for convenience). 5 Dry product
air stream 1 i sstpganns dddeanywhiled &rsisbarix £ antenseand flowadbrosgheperfamtianel s 3 on

the dry side Flpw . | at.e 6 th side, [t apsfers heat to
pl ate 6, enerqgi ﬁ‘g g\gdﬁgrﬁé’ﬁ,ﬁ? %ﬁ#iﬁ%%feﬂgb@éjé'ﬁeg{?ymvﬁ &xper%{ﬁﬁ&& S %?om
condi tioned spag@edtiershamekidgerble hehf BREOAJudibrchtoi SivstreahP1] 66l r ect
evaporati ve cool er plate in 10 channel 4, where it again transfers sone

heat to plate @imysideGndtir wehsider i0.eair strgassdsflaws Bughahohrponsts ohs 11
into the channe[he Wet iBg (W%E H%y%b?@ &tHSr ﬁg}a"& Eﬁar?rﬁel ,l ?%3%5‘8“9 %orthSt ream 2

is cooled by evaporairon an neous cool's plate he "same
action,10 bef or ehdati (vip evpdhitish amdaradisfiordaand humiditPesiac eaapordiieal) 25 may
contain a liquid or solid desiccant of . ]
from wet side 10. Wet side 10 may have a wick material, as
discussed previously, and the construction of plate 6 regarding
permeability, materials, treatments, feeder wicks, channel guides,
corrugations, perforations, stream selection dampers, etc, may also
15 be as previously discussed. In this manner, energy already used to
heat air stream is conserved while humidity is added to the fresh air
stream 2.

A “cycle selection damper” (not shown) provides the ability to

switch between the cooling cycle and the warming/humidification
20 cycle. At the simplest, the cycle selection damper may simply be

used to select which stream of air is passed to the space to be

conditioned: the air which passes only across the dry side 9 or the air

which passes across both dry side 9 and wet side 10. The damper

may also provide different sources for the air streams 1 and 2, as will
25 be obvious to those skilled in the art.

Figure 3 is a partially three dimensional perspective and
schematic representation of the flow path of an embodiment of the
invention in an assembly showing the gas fiow when the invention is
used for cooling, and further showing the gas stream in the context of

30 use. In this embodiment, one gas stream is air from a conditioned
space. Since that air frequently emerges from the conditioned space

cooler and dryer than outside air or cooler than desiccated air, it can



known type. The desiccant wi thin desiccant wheel 25 nust be recharged,
that is, nust have the water it has absorbed fromair stream 1l renoved.
This is acconplished by reactivation air 27, which flows through air
heater 26 before entering desiccant wheel 25. The 20 hi gh tenperature of
reactivation air 27 renoves fromthe desiccant humdity absorbed fromair
stream 1. An additional heat exchanger nay be used to transfer heat from
air stream 1, after it has been heated2dnd dried by flow ng through

desi ccant wheel 25, to reactivation air 27, before air heater 26 heats it,

this technique pfigibiKBEWEddad Bife Wokking@WRYAT in tHe ¥WiadorRfv@BBERE IRt €d t hat
nei ther the present ‘enbodi nent nor the presently preferred enbodi nents

descri bed bel owhaseveniiolm. an addi ti onal heat exchanger, as the present

i nvention provides highly efficient cgolin 0 _near dew point .

enper atur os. wni 1 PHECSANAROGHEE Fat! Rt foBiass e abBe Guides R per cent
to the cost of flheiligyef PerforatidrRMcdiictifdy hunsbareBal 1 ifat lyniérigRce).

di mensi onal perspect’ive and schermatic representation of the flow'path of a

fifth endodi rrerii)ryopr_qdﬁ@t agzstraamehis providashbyig treicgatior N‘d’\ﬁ&hﬁéﬂam%e )
gas. 11 ow i n the e einriely St {AEhRe” bERGamBSS s Bhdain, o'

froma conditiggedit $Raekerk hetRabaslaroe) @n‘@'ﬁ@ingeidﬁlé]e_ﬂuﬁﬁ/ithb@t ad@sict
fluid. 5 This results in a saving of energy and additional cooling of the

product air stiHEBifity Pl Affeemaiges dHUn eINCinness spaeridfelas, waRking ®lural ity
o oo " o s LAl YIS0 obter SboBtEEThAoEERggES o AT
channelH) wher ehannkl afisfgiese hitabighinn plaister® bymeorbatt tonplatd 16 shy eam 1
is then passed to conditioned space 24 and eventuall¥1mﬁgu%g%§%;$%] to
desi ccant wheelcopguction before it passes through perforations

on the wet side. On the wet side of plate 6, air stream 2 is cooled by

evaporation and simultaneously cools plate 6 by the same action,

before being expelled as air streams 2.

15 Desiccant wheel 25 may contain a liquid or solid desiccant of
known type. The desiccant within desiccant wheel 25 must be
recharged, that is, must have the water it has absorbed from air
stream 1 removed. This is accomplished by reactivation air 27, which
flows through air heater 26 before entering desiccant wheel 25. The

20 high temperature of reactivation air 27 removes from the desiccant
humidity absorbed from air stream 1. An additional heat exchanger
may be used to transfer heat from air stream 1, after it has been
heated and dried by flowing through desiccant wheel 25, to
reactivation air 27, before air heater 26 heats it, this technique is

25 known in the art. However, it will be appreciated that neither the
present embodiment nor the presently preferred embodiments
described below use such an additional heat exchanger, as the
present invention provides highly efficient cooling to near dew point
temperatures, while the additional heat exchanger adds over 45

30 percent to the cost of the overall system.

Figure 4 is a partially three dimensional perspective and

schematic representation of the flow path of a fifth embodiment of the



Channel gui des segregate working air stream 2 from product air streaml
after desiccant wheel 25. |t passes through channel, 15 where it rejects
heat to plate 6 and flows through perforations 11 to the wet side of the
plate. As in previous enbodi nents, wet channel is not visible, but arrows
i ndicating working air streans show that there may be a plurality of wet
side channels. At this tinme, working air streans 2 absorb heat fromplate
6 by evaporation, radiation and 20 cond#tion, cooling plate 6. Figures 5
and 6 are three dinensional perspective and schenmatic representations of a

| arge pl ate conjngeRiitv sHwiBY etfiengas Ofiow t WReh NMHRNTAV@MtioA hRWLBEd dwithsi de gas
flow, wet side gas flow, through "channels not shown but present on the
obverse side, atfgircuighay g% stedrosasndnisrthenchandng itbaagas iiemhdér thei des,

while figure 7 j cross- sectional view of E gur how.n s_flow on
the wet side. @ggétr g?i@s@‘colg'l gﬁs ﬁ%&gﬁﬁ'gﬁ‘ét"fgﬁe 39\?%3%3 %%&cﬂﬁgagas
streans, producgordifti] Spad@®iktodiedyHneland rRirnstidss BrRApRRILEE fiidEK

mat erial, channel guides, dry side, wet side, perforations, block, and 30

f eeder wPck hol ERis reaultisia a aBYIRY 9 egargyornp pdditienak ¢anlingf tlee peoduct
respectively flé’lf’s{r%r% dry channels 4 and 3, transferring heat to the heat

exchanger w t hotu increase in humdity Wrking gas streamfl ows

through perforationsPlateit® M&d cHateer hpuided,s chammgsr emd7 saplulishai t hat
evaporative cooler conprises a plurality of plates (the three di agrans
respectively sPRifpraHensicglieetively nimbered t b edipisiieast i ginesgss fam t he
nunber of 5 pl L i ot 0 LS T i - 116 es my
be "identical %ﬁcéﬁéq&%‘%eﬁ%f %’t\% Ré%ﬁ%n@éﬁgghgngﬁgglﬁé&ﬁgiﬁ%(F;é)g]érati ng
w th pet®orati aztsanhkld, aviedre dntragasiers hestrte glatefé bwcohdoctipn.t A gilesnes,
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to desiccant wheel 25.

Channel guides segregate working air stream 2 from product

air stream 1 after desiccant wheel 25. It passes through channel,
15 where it rejects heat to plate 6 and flows through perforations 11 to

the wet side of the plate. As in previous embodiments, wet channel is

not visible, but arrows indicating working air streams show that there

may be a plurality of wet side channels. At this time, working air

streams 2 absorb heat from plate 6 by evaporation, radiation and
20 conduction, cooling piate 6.

Figures 5 and 6 are three dimensional perspective and
schematic representations of a large plate containing the elements of
the invention, showing dry side gas flow, wet side gas flow, through
channels not shown but present on the obverse side, additional

25 perforations, and additional channel guides, while figure 7 is a cross-
sectional view of Figure 5, showing gas fiow on the wet side.

Evaporative cooler has product gas streams, working gas
streams, product channels, working channels, wet side channels, wick
material, channel guides, dry side, wet side, perforations, block, and

30 feeder wick holes.
In use, working gas or product fluid streams respectively flow into

dry channels 4 and 3, transferring heat to the heat exchanger without



10 other across the plate spacing and wet sides opposing. The plates of

the invention nay al so be di nensi oned and configured to enbody the

i nvention without being identical. The plates are aligned in parallel and
have |i ke sides facing. In this application, "like sides facing" refers to
the fact that wet sides face the wet sides of other plates 15 while dry
sides face other plates. It does not refer to the placenent of

perforations 11, which will be discussed3-urther below In wet side
channel s, air streamreceives heat fromthe plates of evaporative cooler 6

by the mechani snﬁ:réas%vﬂnom%wi@ewdrmﬁgbgasﬂétﬁéarﬁslo%t@.@'o befbrati¥pski ng gas
stream2 is itself pre-cooled by its passage across the dry side of the

pl ates of the eldaoreitsive aeoinels 6. Figusemnand 48 skewl thehgvanpofativeher
cooling action h vice of th i nvent j.on., Further as note arlier,

t he gag strearrsg%aér E%r%gg?%%@eqjuraggysg{jplaggﬁ]ttﬁ%g@repe(jslggiqrrb%r?scp@(gﬂﬁélgs) f or
service either gsowicPBUEHURS 5, WRd khAdhAld pRitesFidure!7, Wut Ruhuhperdist y Thus,

block 12 (see Figure 8) 25 seals the end of channels 4, requiring all of
air stre@m 2 toPRtesnis Reblightedptsr thys aangasFigura d6) heThetplategemelyabeael s.

Under different; Lt : f.ar ream_2 be allowed.to | eave
the end of chanﬁe‘?fﬂ%awﬁqﬁ%r?g\ﬁggeog%aﬁ’?n&ﬁﬁ%%eWC’QQUWHC?%@&?%C%O%W@HF%. vol une
of slightly | eswitls@eiforaticrduet taidlionogas Birbamsalol fswahioigh $ReNBlatds, air
stream 1 may be diverted 30 or bl ocked (that portion of air stream 1 which
was furthest frRRHgHOMRAsederl Hrtenalphexinove nossllatera haad transéer @éei ved t he

| east cool ing), : ' er. .gquant.i | | er
product air. CI%r]ied:%?}5'49?{@E@%lév@bérélg%b%hné rﬁé?lgodr&%%ﬁéngg%vention
are al st0as desusthébedroseahd;ip;](me spagihg aid wet Fmgm;j%msmg} STﬁ@Wt@h lgy)ff | ow
between two plates rather than across one plate. |f tw such plates are

al i gned vm'thpdr"be IBventigednay &lsybe dirpgnsinaed andganiighted loembetvidls t he t wo

plates on the dhVertidPRithblt bBhg"RlenBLACSTRE LRS! A afidhecid pak4RA™ ! oW
and have like sides facing. In this application, “like sides facing”

refers to the fact that wet sides face the wet sides of other plates

15 while dry sides face other plates. It does not refer to the placement of
perforations 11, which will be discussed further below.

In wet side channels, air stream receives heat from the plates

of evaporative cooler 6 by the mechanisms previously described.

Also as noted earlier, working gas stream 2 is itself pre-cooled by its

20 passage across the dry side of the plates of the evaporative cooler 6

in channel 4, resulting in further cooling action by the device of the

invention. Further as noted earlier, the gas streams may be selected

based upon heat rejection (coolness) for service either as product or

working air or with or without humidity. Thus, block 12 (see Figure 8)

25 seals the end of channels 4, requiring all of air stream 2 to flow through

perforations 11 to the wet side channels. Under different conditions,

some of air stream 2 may be allowed to leave the end of channel 4 by

removal of block 12, resulting in a greater volume of slightly less cool

product air, or in the alternative, some of air stream 1 may be diverted

30 or blocked (that portion of air stream 1 which was furthest from the

center of evaporative cooler 6 and thus received the least cooling), thus

producing a smalier quantity of slightly cooler product air. Other



pl ates on the wet sides. In enbodinents having nore than two plates, air
streans will first flow between the dry sides of two plates, then wll

fl ow through one or both plates and enter wet channels, in 10 which they
will flow across one of the two previous plates (on the reverse side) and
the wet side of a third plate In one enbodi nent feeder w cks 13 may pass
through feeder wck holes in order to supply water to wick material 7, and
will be discussed with reference to Figi#es 8 and 9. 15 Figure 9 is a
partially expl oded perspective views of another enbodi ment of the

i nvention, incl yedRatisedRIFBhs CohSRIGRANEReAASerfion S@Salbb QY désrivegved from
two different angles. Indirect evaporative cooler 14 is built up in

appr oxi mat el y ae@wigr. shape, although this shape may be optinized to suit
conditions, as is 20 well. know in the art. plurality of plates 6 forns
Che stack. Each of pfalEsal NEETS auhG Akamolnitk HetybeRyu Mdishougn
for the sake of ratké@fHanyadrbss enarSafeet FripCaEH Matenbie hltthddPRimasdrypl ate 6.
Plates 6 are aligned in parallel and oriented with Iike sides facing, so

wet sideB 10 fgideseeingi tes the aihstremms flovebetvaencteowaeplages osithes 9 25

[ine up. i rect 957l BRAELSHE e et et BB v amitngiBag
the preferred eplagsi gantte efett iges NVENtENBodiRRhtP MavvireN snordltrire twbf set
fromthe perforations 11 in the next plate 6. This helps to reduce the

pressure drop aRlptess amsirearap oyikfirsidlavebetveamthe dossidesradne plgtashe ener gy
required by th Vi ' eas] | . I 1 I.§ Ccreates
bet'ter i stri bl Ear VI oG, BF bBYA BEEF RN oty W PRl C0PS,
14 al soias watwhichegeyvaillr fldw, agros® obe, ofittite ftwedseviduekplalss (oVher is

renoved fromwater reservoir 17 baﬁpurrp 15 and lifted to feeder w cks 13..
A reservoir refleVerag sidegand thswwehaideof abid\Rigte.

In one embodiment feeder wicks 13 may pass through feeder
wick holes in order to supply water to wick material 7, and will be
discussed with reference to Figures 8 and 9.

15 Figure 9 is a partially exploded perspective views of another
embodiment of the invention, including schematic representations of
gas flow, as viewed from two different angles.

Indirect evaporative cooler 14 is built up in approximately a box
shape, although this shape may be optimized to suit conditions, as is

20 well known in the art. A plurality of plates 6 forms the stack. Each of
plates 6 has a wet side 10 and a dry side 9, although for the sake of
clarity these are referenced for only the topmost plate 6. Plates 6 are
aligned in parallel and oriented with like sides facing, so wet sides 10
face wet sides 10 and dry sides 9 face other dry sides 9.

25 it is advantageous to provide plates 6 in which perforations 11
do not line up directly facing the perforations in adjacent plates.
Instead, in the preferred embodiments of the invention, perforations
11 are offset from the perforations 11 in the next plate 6. This helps
to reduce the pressure drop across the evaporative cooler 14, thus

30 reducing the energy required by the device and increasing efficiency.
In addition this creates better distribution of air in the wet evaporative

channel 5.



17 to be continuously refilled or refilled as desired,. 5 Al though spacing
of the plates (the dry and wet channels) may be any anount for sone gases
or fluids, spacing of plates 6 is inportant to efficient use of the
invention. If the spacing is properly selected, pressure drop of the gas
streans passing through the invention is greatly reduced, providing either
greater flowor the ability 10 to use smaller or fewer fans or bl owers.
Experi ment has shown that an inter-plass- spacing of 1.5 to 3.5
mllimeters is preferable, and spacing within the sub-ranges of 1.50 to

1..85 milineters, 2c88idro14 alsgPhadividteMPésdrioir 271 huand &, YhdTrédddret ers
and 3,10 and 3.50 mllineters is nore preferable. Wthout being bound by

any particul ar winksridesYater issretveel frevedateh seseavoit Héday ppripi Hyendst andi ng

waves are set u | C reduce ag during the.flw processes. It is also
possi bi e that altted kElbedep iRt "R Paana e une PARE WRRETpetol® *' 0
di scouraged, whiizlho BBYXonBh8SuSE Fflctbrirefilseasitiasirend pressure drop in this
particul ar process. The proper spacing nay be naintained by separate

structur@l 20 el emrenfBhouah spacing of die piajes ithardrigaduget cannsaisvinggd by t he
channel gui des whi ch rovided ribs; o corr tj.on f plate 6,
or by ot her neaﬁ%.a.nyF@gﬁr}{vﬁik%@% &% riogeﬂ‘f‘ﬂ%egpﬂéasn%fogﬁ’\’/‘ﬁgﬁké)Hgteri al
covering at | eapipcHdRrtdidHicieht L8e oPuhsiitlribnt he thekpaciiyl RSpilopeaygh 25

the tube allow water within the tube to reach and wet the exterior w ck
material, whi chS§l&cted, quassige @ram ofhbenider siEeanpabassion theeuah des 10. .

there it may. tPURORIPE dpgny Pediead ot inet oottt bl Ay, ot po

w ck mat@rial 7oofiseveinatiedes feerafatissar lowers Enpbriment has shiowrdthatet si de
10 as is covered by wick material 7. Product fluid stream1 enters dry
channel s 3, whidR INiSFRIANGT sRacing o ahd Aoed e MillimefersnisnReaferable.ndb¥h on t he

dry sides 10 ofgpl ML&itRin thé%ub-ranges of 1.50 to 1.85 millimeters, 2.00 to 2.35
millimeters, 2.10 and 2.90 millimeters and 3.10 and 3.50 millimeters is
more preferable.  Without being bound by any particular theories, it is

15 believed that at these spacings, standing waves are set up which
reduce drag during the flow processes. It is also possible that at
these spacings, turbulent, non-laminar flow is discouraged, which may
also serve to reduce drag and pressure drop in this particular process.
The proper spacing may be maintained by separate structural

20 elements (not shown) or may advantageously be provided by the
channel guides 8, which may be provided ribs or corrugations of plate
0, or by other means.

Feeder wicks 13 comprise tubes having a wick material
covering at least a portion of the outside of the tube. Holes through

25 the tube allow water within the tube to reach and wet the exterior wick
material, which is in contact with the wick material 7 on wet sides 10.
Water flows out through the holes into the exterior wick material.
From there it, may transpire from the wick material of the feeder wick
to the wick material 7 of wet sides 10 and so across such portion of

30 wet side 10 as is covered by wick material 7.

Product fluid stream 1 enters dry channels 3, while working air

stream 2 enters dry channels 4, both on the dry sides 10 of plates 6.



Wrking air stream passes through perforations 11 into wet side channels
5, functioning as previously described cooling plates 6. Note that for the
sake of clarity, only four working air streanms are shown exiting the
cooler 14 and only one entering it, but there may be 5 any nunber, and they
may (and in this preferred enbodi nent do) exit fromboth sides of cooler
14. Channel gui des serve several functions, In addition to separating air
streans 1 and 2, they act to subdivide &@g. streanms 1 and 2 further, thus
creating better tenperature distribution in the 10 invention, creating

channel s havi ngweHRIN prg)c %énsfgs Pﬁ%wgﬁh?%u‘gr%péﬁé Pf lHﬂoatJ\%? Sqehelp to

i nsure standi ng wave f ow ofr uci ng the pressure drop
across the devicmnretsl Fefuynctioningnas| ptewidusyy pesalibed cdbidgvpktends. of air
streans 1 and 2 reventi nngF aJ | el heat trapsfer. Finally, channel

ol don s ar ey Juple iy BE 8 rakeaph et ent Tor MR A T A
separate pl at esqify e 1HE5b0RA 181 51005 ord Ok 1 BLEIHE rhd Fbures 8

and 9) prevents worKking fromleavi g t he ce via dry annel s 4,
thus for@ing |tam30nmmdmr and theytmes {and inties preferr€d anedbdiimenédenelit, the
outlet for wet % cﬁe WI | 1 vvays be downstream of the perforations.
As stated preV| rliP 5 tcé’ioll%{t /e enbodi nents, sonme product air may

al'so be bl ocked/ di VeRAfLIORRIE WRI&i 88/cibl fahtIRD T an! saMRiops 1§T oduct
air in accordance with reqw rements and conditions As previously

di scussed, the sapauatn@RIrpstesaos! agdvﬂutblay 25 tacsWidijdaiair streams
undergoes, is in etermned b n_of erfo ti,ons. a channel
sizing Also as %ﬁ@%é‘g& tEUFo‘U?F‘ ng ?@193% n%'tnéﬁ'?réf r8f FE}LEIOQ H}gg?des poor
| ateral 1(neat t rigpshifin, ér@‘dﬁng rbHd#fn@ls waQWQdk;agtea ﬁr@ﬂﬁ@! atrunendaf figsenti al
or gradient laterally acros ate 6 Channel selection danpers (not shown)

may advant ageousinjemel plates @oﬁel@ iocinggre slsindingowvave dlovupdlamispsfowet air
streans 1 and/ Q[Flug %ﬁ%cfﬁﬁe%é Oﬂressure drop across the device, and help to

insulate the parallel subdivisions of air streams 1 and 2, thus
preventing parallel heat transfer. Finally, channel guides 8 also serve

15 as structural members to support the stack and separate plates 6 by
the desired distance.

Block 12 (visible in Figures 8 and 9) prevents working air 2
from leaving the device via dry channels 4, thus forcing it to flow
through wet channels 5. Stated differently, the outlet for wet channels

20 5 will always be downstream of the perforations. As stated previously,
in alternative embodiments, some product air may also be
blocked/diverted or some working air allowed to leave as product air in
accordance with requirements and conditions.

As previously discussed, the amount of pre-cooling which

25 working air stream 2 undergoes, is in part determined by selection of
perforations and channel sizing. Also as discussed previously, the
material of plate 6 provides poor lateral heat transfer, thus in turn
providing a temperature differential or gradient Iaterally across plate 6.
Channel selection dampers (not shown) may advantageously be used

30 to select which of the subdivisions of air streams 1 and/or 2 are used for

conditioning, thus allowing a greater degree of cooling than otherwise,



conditioning, thus allowing a greater degree of cooling than otherw se,
-27- as well as providing for flexible control of the output gas
tenperature, humdity and quantity. Fans or equival ent bl ower devices are
schematically represented as 19 and 20 (see Figure 9), but the invention
IS subject 5 to alternative enbodi nents of the fan arrangenent. For
exanpl e, one fan as forced draft may be used to provide both working and
product air streans 1 and 2. In additi@y- a forced draft fan has

advant ages over an induced draft. Due to the evaporative process used by

the device, thg Rafiafl biofidiRfioraiadle RntBeof e GRbAL gh @inbafieArs 1 and

10 2 is efficiently use 0 ther evaporate water and thus ai ds
in its own renovahidityeswl quardity.n |ittle difference to the tenperature of
final product air streaml1l. A forced draft fan provides air to both the
wor ki ng air and prodi?S aif SHEAYRPI oYL nge‘f'69§ hé‘r%re%(gl?r"réat!ﬁaﬁm

through, each andofeserfd SO JRIDRS okl AbuRRY) iR RS TRl uciétS! noe

t he worki ng and product air energe at t outlets, two fan are

requi reddto i ndocaternativirerhbedinwrts ef the fancarearigamerst. rleanuexasopieponéor ce
both drafts. Stack 14 (s Fj gures 20 and 21). e enclosed in a, housing
(ot shown) . wHEBIPSURTharath ke Hepadp AEBYIdE PR SIATRBS S0P Rt o, as
vel | as enhancigstBgnm@st kel £ Iﬁfad&?ﬁ‘orﬂeé(*f@r%edﬂ?ﬁﬁﬁ@H%é!QaHﬁé(ntﬁ@%r' se
inlets and outlets for the product and working air streans, and a danper

to allow the digwttaroimdgicedidraftonbue thethecawaposhtivedprodess assmdpbe thehen t he
ot mal 1y, wher S/ Gh R PR BBt 8o, B3R R e’ o R TeAneI { 2By cause
the warmed, hurg @ éffienipiiseddoFufthéPeviRsiatEwhle dHPHIGt thai ieat ails s may be
used in conjunction with recircul at !_nq. air, as described above, to provide
hum di fi cati on iai§ OWR demaval. fgsaltingiintlélle difference to the temperature of
final product air stream 1. A forced draft fan provides air to both the
working air and product air channels according to the pressure drop
through each and any outside dampers that may be used. Finally,
15 since the working and product air emerge at different outlets, two fans
are required to induce two drafts, while only one fan is required to
force both drafts.
Stack 14 (see Figures 20 and 21) may be enclosed in a
housing (not shown), which housing may further direct and control
20 airflow, as well as enhancing the esthetics of the device. The housing
may comprise inlets and outlets for the product and working air
streams, and a damper to allow the direction of airflow to be
controlled. For example, when the damper is in a first position, it may
cause the cooler to operate normally, whereas when the damper is in
25 a second position, it may cause the warmed, humidified working air to
become the product air. This may be used in conjunction with
recirculating air, as described above, to provide humidification and
pre-warming of winter air.
As in previous embodiments, the indirect evaporative cooler 14
30 may be used in conjunction with recirculating air streams, desiccant
wheels, corrugated plates, and treatment of the materiai of the plates,

perforations and other details.



As in previous enbodi nents, the indirect evaporative cooler 14 30 may be
used in conjunction with recirculating air streans, desiccant wheels,
corrugated plates, and treatnment of the material of the plates,
perforations and other details. -28- Note that the indirect evaporative
cool er of the invention may al so acconplish both direct and indirect
evaporative cooling of the product air streaml. A portion of the dry
sides 9 may be wetted, in a manner sinJdgar to the wick naterials used on
wet sides 10 or in a 5 different manner, so as to cause further cooling of

the product air strRam thﬁ'tﬁe"iﬁ&r&ﬂré\}a‘%ré’ﬂvet BSol8F Y¥f Shel G5/ amB¥n may

advant ageously be placed downstream of the dry portion of the dry”sides,
so that prior tasobaiaognplishi Ucbihl éMemtnammendireCécha@mm&acodmg:@f)lthag

process, the sensjible t t r oduc r stream, ,is reduced
as nuch 10 as p%@gf"ﬁ* ar Sg_ﬁng QIR’QP éﬁ{)grﬂ?& @Ieéf YPHVEUEAND #s ¢t hat
bel ow appr OXi MgxaRh¥r @ﬁnﬂ@gﬂ’oeﬂ% ﬁﬁlcl{rﬁ%éﬁalbr\%&fi%ﬁls\méﬂsfﬂffb@ mtd{' iRagise

di sproportionate reduction in air tenperatures, in accordance with

st andar d5 psychotiferand mhaners.sd asaivochiese éwtﬂm@n oeelingodf the prodveinairon, this

wetted portion qgf the es _.cons ut t.he final ercent
of the Surface Sreior TPReVEF PoLhRLIbe Ty Gt e sdbehthophBel o8

di mensi onal pergBpE&d u\es@/n@ﬂéaﬁp&ﬁmtdrg Jr0N 85 Y afy §i8esf st hirior esrbodi ment
of the invention, show ng gas | ow and a reservoir of water. Evaporative

cool er 6 has drijeisgdbymidifiet lnsﬂh%sdIIGCt EVEEREoai ooy sprosass. 1 thed

working air streﬂglﬁ%é[g&g?pa%req ]lﬁl] SP'%dfg{ X‘r rfe%’ﬂ?HS;sn%dgg tsarng%ere i s no

channel s 5, as %

need fof0a wat e4s pussibles D@n@dpﬂirtfmlfak%dvbﬁta@es@f thiee ovdaring it thiat dlelawy  wet
sides 10 is directly placed in water_ reservoir 17. However, the w dth of

the plates of caﬁnr@wrr@tely b5 rie@ges oF 25nadest HaKieRsHs vinc RY MR CaHse of t he
w cking materi adlsmlp‘ca)ﬁﬁmtalf'@ rBl:l@&t?cﬁ) in air temperatures, in accordance with

standard psychometric charts. In another embodiment of the
invention, this wetted portion of the dry sides constitutes the final 1 to
15 25 percent of the surface area of the dry channels 3.

Figure 10 is a three dimensional perspective and schematic
representation of another embodiment of the invention, showing gas
flow and a reservoir of water.

Evaporative cooler 6 has dry sides 9, wet sides 10, product air

20 stream 1 and working air stream 2, channel guides 8, dry channels 3
and 4 and wet channels 5, as well as water reservoir 17. In this
embodiment, there is no need for a water pump or feeder wicks
because the wick material of wet sides 10 is directly placed in water
reservoir 17. However, the width of the plates of cooler 6 is limited to

25 the maximum wicking height of the wicking material unless the plates
are sloped, as described earlier, which slope also allows more
efficient wicking. This embodiment is also an example of an indirect
evaporative cooler of the invention, which uses exhaust from only one
side of the plates.

30 In Figure 8, the two wings of the cores extend out and upward

from the center. In the center, as depicted is a feeder wick plate that



are sloped, as described earlier, which slope also allows nore efficient

w cking. This enbodinent is also an exanple of an indirect evaporative
cool er of the invention, which uses exhaust fromonly one side of the
plates 30 In Figure 8, the two wings of the cores extend out and upward
fromthe center. In the center, as depicted is a feeder wick plate that
-29- communicates liquid used for the evaporative cooling in the wet
channels to the wick material |ayers of-2dhe core In Figure 8, the wings are
angl ed upward, between approximately O degrees and +10 degrees. An

alternate is ilLysthai€ses 5||1dsLﬁ‘d Fhdf 8ol the RIFBrATR WoBESy 8hetrRNetd

downward fromthe center, also wthin the approxi nate range of slope of O
degrees to -10 chizmraietn thEheickehaterinblayefs efgharcdrer downward sl opi ng wi ngs
will also include a se,:ectio of, wck material i rfaces of the

he wet, s
layers, 10 so that PhellG9URi & mitlf at¥eUDyEFE { REIISG i HRWalHh ¢ GFMt he wi ck

material  surfaggn@kirgaely OldebfecSn@daicged! Ahaitdtpumiaritusttapg s that
the liquid will "nore readily reach the edges due to the added inpetus of

gravity.d Thi sinMFigureail d, whetééhe wihgst asnangled ovwosard ol ieugerder,t he
edges that 15 can occur wth |iquids that have m neral ,conteng. e added
SsSistance of gRayi MNP GHRERHTAS JAHG B MR 18 O fGeToee 8 rdlle mor e
| ength of the wy e50 be wetted fromthe center feeder wick and it wll

be acconplished faster.. The potential of excess water being collected at
the outer 20 edges bhe tsedeciiongef upwardiemsesnavard oglopigdceings Wil alpat | qui d

AR N T R s R e e L o
To m nimze thesexrAIRe WaliRl migravs b \atithg omtite sLBhc® Bf tHEewick material
surface of each plate.

The advantage of the downward slope is that the liquid will
more readily reach the edges due to the added impetus of gravity.
This will aid in the reduction in the scale build up on the edges that

15 can occur with liquids that have mineral content.

The added assistance of gravity (or downward sloping wings} is
that it allows more length of the wings to be wetted from the center
feeder wick and it will be accomplished faster.

The potential of excess water being collected at the outer

20 edges of the wings in a downward sloping core, is that liquid droplets
will form. Also when excess liquid is being cooled, unnecessary
cooling of the liquid diminishes the efficiency of the evaporative
cooler. To minimize the excess water, the wicking material on the
layers will be less porous than the feeder wick.

25 The upward angled wings, Figure 8, will not have the excess
water coilecting at the edges of the layers. The more likely issue is
not enough water reached the outer edges, resulting in lost cooling
potential and the build up of minerals at the dry edges.

The embodiments of the feeder wick plates 13, shown in

30 Figures 12, 13, and 14, are refinements of a solid feeder wick plate.
The purpose of the channels or grooves 50, Figure 12, the holes 51,

Figure 13, or the sandwich, Figure 14, all are to enable quicker



| ayers will be | ess porous than the feeder w ck. 25 The upward angl ed

w ngs, Figure 8 wIll not have the excess water collecting at the edges of
the layers. The nore likely issue is not enough water reached the outer
edges, resulting in lost cooling potential and the build up of mnerals at
the dry edges.. The enbodi nents of the feeder wick plates 13, shown in 30
Figures 12, 13, and 14, are refinenents of a solid feeder wick plate. The
pur pose of the channels or grooves 50, Hpure 12, the holes 51, Figure 13,
or the sandw ch, Figure 14, all are to enable quicker -30- novenent of

liquid fromt heg@teﬂléﬂ@edfqiddacw ;tﬁei ! QiR Yidiid i Gntrb @GS tavitﬁgt pl ate,

to the bottoma us nore quic wet 'the core’ wick material. ernate
met hods t o accofgedies with elalé sto tHeubotbtomaanid thesy mare | quiekly odt t6& quiraced

I th id f the feed i ck Fi 1 Th h l.s, hol
e o S, e - Rl pisiRS s To ABBraIRG e g BB, " oS
t hroughout the ﬁﬁg%f‘,lu\ﬂ’e%ds@ﬁ?%c@@%loh%‘{ﬁe s df #d 'féwérqnicgf(glégeof he

evaporative |iqui The channel hol es Or cores nay not exten
way to 40 the bigutoi#Ppf the feeder wick plate, as this would allow the

liquid to too easil ass_through these passageways before wetting the
feeder wick. Fi gureﬁi@ Fﬁ?ﬂ%‘?lﬁat Eglea of'of%r 8° i g€ v@v}fﬁhﬁsgap 55

bet ween adj acer@;mbééﬁﬁ&ﬂ§-wﬂl'héllbvﬁélié;ui%ﬁrté%ﬁﬁeQhFdU&FHu@ﬁhéffe%%ﬁWB 15 up
the canalized air streans into discrete segnents. "This in turn reduces the

bui | d up of bouplgiter gnd,ghes.sid distreutidraahtbessvaperative liguékent s ef fi ci ent heat
is.how the fluid

{ranster. wnere, the SIRBRSh o o e A pUChAERIA SobBepiE, !
the dryi@hannelethatdte s the d8sder wickt glates a0tHi®WRILd Bhow theurfldd Yol ayer i's
nil at the entrance of the plate and grows
too easily pass through these passageways before wetting the feeder
wick.
Figure 15 illustrates a set of core sections with a gap 55
between adjacent sections. This gap performs a function of breaking
15 up the canalized air streams into discrete segments. This in tumn
reduces the build up of boundary layers in the channels, which
prevents efficient heat transfer. Where the channels are small or the
velocity is low, the fluid tends to be in laminar flow. In the boundary
layer next to the plate in the dry channels the heat transfer rate is
20 lower. This boundary [ayer is nil at the entrance of the plate and grows
to some steady state amount with in the first few inches. Therefore
the heat transfer rate is significantly greater at the entrance to any
channel and reduces exponentially to some smaller steady state
amount.
25 An embodiment of the reservoir system is shown in Figure 16
and in Figure 17 in conjunction with the cores and feeder wick plates.
The top reservoir 60 feeds liquid to the feeder wick plate. The
top reservoir is fed by a valve and piping with the appropriate liquid.
As the reservoir feeds the feeder wick, excess liquid passes to the
30 lower reservoir 61.
A float valve 62 relies upon the level in the lower reservoir to

activate the supply valve 63 for the upper reservoir,



to sone steady state amount with in the first few inches. Therefore the
heat transfer rate is significantly greater at the entrance to any channel
and reduces exponentially to some smaller steady state anmount. 25 An
enbodi nent of the reservoir systemis shown in Figure 16 and in Figure 17
in conjunction with the cores and feeder wick plates. The top reservoir 60
feeds liquid to the feeder wick plate The top reservoir is fed by a valve
and piping with the appropriate |iquid.-31As the reservoir feeds the feeder
W ck, excess |liquid passes to the 30 lower reservoir 61. A float valve 62

relies upon the | evehgli 7 fji M Qi [ y val ve
As e Wigk if\?\é@AsllqﬁElst% tM8 Ig&l%:IEa E’leat@ﬁél dfﬁttg% Iép@rﬁsd’mﬁé '

63 for the upper reservoir -31- the wc s liquidtothe wc
mat eri al on t hecdrey thess uppet heservoie 60t isedepleted. r Bdbereisr mede ievagerdtet ed. | f

ecervor r 61, tHenoaes dale s o, 10wy BeSBRo T oRerRt 63y at os
e SUPDLY wval Vo Rbvdro REM JERS R i séileted o ApOIPREK 3R aRd nchE- e

there becones an excess of uid fed to the feeder wck plate 13, nore
t han canbevaporliguid ta the exergesenbirdft.s in the bottom reservoir 61, which

raised the float and,in turn cuts off the supply. | ve,,to . the u r
reservoir This syst éﬁ?g%%%e Bﬁﬁ‘?ﬂn?ﬁ aé‘ 85%‘?51%8{;%'{'8 f\é?le@dm‘?gfqﬁ@rdﬁgﬁ/at er
from the bottompagsesVeore ShEh chR@vabbrat@ntheeda@sst difievit ifrtheidttdnig t he
system This bleed drain also helps to prevent mneral concentration. In

this way the eviggenain 6h which deised ihadiathanchdredur caisdotirthedsupmy sh t he
flow drai n 64, EBra 7 SPR UBRF Tastala anis, SRbEaoRS ThavIEE BRI Sctt var e
the suppdy of Bibedihg dfbof Ratdrefisi\tie hottbnd FdscteninBOtl tiadtlinogedesyst ens
the water entering the system. This bleed drain also helps to prevent
mineral concentration.
In this way the evaporation rate determines the need to add or
diminish the liquid to the feeder wick core.
15 Added features would include an over flow drain 64, cold turn
off and drain system 65. A Thermostat may activate the supply of
liquid to the reservoir in any commonly arranged systems.
Figure 18 Iiliustrates another embodiment of the heat
exchanger plate, a Type 1 plate 70, with a trough 72 on the bottom
20 and a Type 2 plate 71. The Type 1 and 2 plates perforations 11 for
gas flow 2 are outside the formed trough. The trough 72 is used to
hold and to distribute the liquid 1 used on the wet sides of the plate.
In the Type 1 plate 70 the wet side 10 is viewable. With the wick
acting material 7 on this surface and the surface of the trough that is
25 viewable.
The liquid perforations 73 in the trough area are for the liquid to
pass through to the next layer. With the wet side wick material 7 is on
the upper side, the liquid perforations 73 are on the sides of the
trough 72. This allows a reservoir 74 of liquid to be kept at this layer,
30 to allow the liquid to be wicked outward to the sides of the plate. By
the liquid perforations 73 being on the sides, the reservoir 74 will be
up to this level. For the next layer up (or Type 2 plates 71) with its



Figure 18 illustrates another enbodi nent of the heat exchanger plate, a
Type 1 plate 70, with a trough 72 on the bottom 20 and a Type 2 plate 71.
The Type 1 and 2 plates perforations 11 for gas flow 2 are outside the
formed trough. The trough 72 is used to hold and to distribute the liquid
1 used on the wet sides of the plate. In the Type 1 plate 70 the wet side
10 is viewable. Wth the wick acting material 7 on this surface and the
surface of the trough that is 25 viewalde. The liquid perforations 73 in
the trough area are for the liquid to pass through to the next layer. Wth

the wet side w ghoialer bknd uhdeiie YHE HRRETSIGHET2 it Wi foppior ati ons

73 are on the s roug I's al a reservoir 74 of liquid
to be kept at tbilsmeesye in th@ reseridironv tigeidl arglithdist thdeviok oledelriadut ward to

the sides of the plate. B he |iquid rforations 73 bein n i des,
the reservoir 7&’_'5&@”@"6@'"3/%%@%”ﬂ‘l’lic‘]"éeﬂ"é@gﬂu'ﬁo&o%_ '%é??erwa&?g%fupéqqgrslrypz 2
plates 71) ‘Mthoh&gﬁi? %\reé\é%%césag/ﬂ{%&gnémauwrr?&mhgeonetr!é%eﬁ} lar trough 72

formw Il be par nmer ge e reservoir 74 liquid and thus, the
wick matBrial 7 on Onithel ayesideithe werkinredgas ehapinels g ahglguicsvarddhet hi s

reservoir 74 Both opposing wet surfaces will, get the liquid fromghis one
reservoir 5 On ?W@r\ﬁl%%i%e'”tmﬁ@ : PR?H’E’O@ngEWaMIr%C%V%%TgnE&% t he
outer edges as jfuf i Bg};@iﬁee@ﬁﬁfﬁu@ﬁ“ﬁx% qé@ pePBRItERSWYT Kishl RS otherf rom t he

dry side 9 through the s perforafions 11 as in the other enbodinent. The
fl ow of the woré&mbgdigaant2 hbegbow of dhetworkingegas@ helpguioddistriovde dhen t he

wet side of the.plate, 10 In, Type 2, ,plates 7 t he product channels 3 and
t he working drwf ‘ﬁQHH’&?f%Lf)'h}r@y\&%ﬁ'ggﬁg?F BV%%hannel guides 8. The liquid
perforagpons 73 are [OTHEP Pl%téehwpﬂié erfodifct idh@nherug ridottal wewkihge

liquid that cones fromthe plate reservoir above or froma feeder tube 75

to drain down t@dryt kbanrgledvera seeregated bhechasxe! IgRes §.at éhe liquid
perforations 73 are located in the bottom of the trough to allow the
liguid that comes from the plate reservoir above or from a feeder tube
75 to drain down to the reservoir below in the next lower plate.

15 When there are multiple plates, with wet sides opposed to form
working wet channels 5 and the obverse sides forming dry channels 3
the trough 72 forms are nested. The liquid 1 , wherever it enters the
stack will cascade downward collecting in each Type 1 trough, the
liquid in the wet channel reservoir 74. This flow is illustrated in Figure

20 19.

Figure 20 shows a more complete stack 14 with a feeder tube
75 to distribute liquid 1 to the top trough. On the ends, as in Figure 8,
is a barrier 12 to seal the working gas dry channel 4 so as to direct the
working gas 2 through the gas perforation 11 into the adjoining wet

25 working channels 5. The product channels 3, as in Figure 18 are
segregated from the working gas channels 4 for the dry side of the
plates.

Figure 21 is, similar to Figure 20 and illustrates a stack 14
using the trough 72 with two feeder tubes 75, one at the top and one

30 at a middle level. This allows for priming of the liquid reservoirs 74 for
a quick startup. This may be accomplished in other ways known in

the art, including multiple entry points. The sensors 76 illustrate how



15 When there are nmultiple plates, with wet sides opposed to form working
wet channels 5 and the obverse sides formng dry channels 3 the trough 72

forms are nested. The liquid 1 , wherever it enters the stack will cascade
downward col l ecting in each Type 1 trough, the liquid in the wet channel
reservoir 74. This flowis illustrated in Figure 20 19,. Figure 20 shows a

nore conplete stack 14 with a feeder tube 75 to distribute liquid 1 to the
top trough. On the ends, as in Figure 8,33-is a barrier 12 to seal the
wor ki ng gas dry channel 4 so as to direct the working gas 2 through the

gas perforationgllid, 3 ‘Pe\}é?ﬁs Ggiéétél}%ﬂgtﬁ’é%oﬁén"\%%bk@% sNaMglis 1oh gfhe
product channels 3,7as 1n Figure are segregated fromthe worki'ig gas
channel s 4 for theecahtyolier dpeot thbesupplyavaise B3gtar su@dly imoresliquid ao the Fi gure

20 and illustrates stack 14 sing the trough 72 with twg feeder tubes
75, one at thealﬂ g‘ﬁ%é‘%fnté'begiit ConweeRehe 1 Q?F‘epc’tﬁﬂi'“sreéler‘&ﬁssgd? 18fi i ng of
the liquid res i I t i S dshed in
ot her ways knom}égrﬁﬁétﬂé{e’v %?{h?aﬁe%g}%ﬁﬁ:%q%udlﬂ?ib%pé enﬁ& e?ﬁf{;ﬂg’ uZﬁsensors
76 il lushrate hiopwthe3®et thannelsin dvaporation sliditisetselthei flove bé liduait! tveinich eser voi r

more 1 qui d 1o DRETAesied aiidest Seibde he botteshyerarbel &' Wieh Uit om
reservoir 61 1 ssifogion youtr%@ﬁeféeﬂ‘gﬂlt (?Btr?@ef;f%eﬁ]%r IowH R&2| 'a%gicﬁpnglé%r The

usage of the liquid 5 e wet annel s I n evaporation ni shes the
flow of |iquid wmhiehquith riaerispes 76heuld heipthaddain wett charmetsher doplaoces

reservoir 61. When thjs jtuation accurs the sensor 76 detects, the | ow
ovel "ond o gnafcheoptadic 4 o T FuSTEZESSVERS 76 B3 lndatsBReBY IS
channel ggor at @EA8Sqeadble ihthesh@ck 14 or in trough reservoirs 74 as

understood by those 10 know edgeable in the art.. The use of plastic,
cel I ul ose or other plhebbe ofglasticaicelluniage woother pliable materials may not

be suitable for the heat transfer membranes in some applications
where refrigerates or steam are condensed with pressures and
indirect cooling. The channels for the product fluid may need to be a

15 metal such as aluminum or other suitable stiff and walled structures,
such as tubes with the walls being the heat exchange surface.

By pre-condensing and cooling refrigerates, with indirect
cooling in cores such as the disclosed invention, efficiencies of less
pressure are needed to compress the gaseous refrigerant during its

20 cycles can save heat build up and power usage.

The use of cores as disclosed is more efficient and less costly
than cooling tower and as such, capable of by incorporation into
residential systems.

The invention and the embodiments described herein are

25 susceptible to many equivalents, alterations and additions without
departing from the scope of the invention. This description in no way
limits that scope, which is determined by the following claims.



be suitable for the heat transfer nenbranes in sone applications where
refrigerates or steam are condensed with pressures and indirect cooling.
The channels for the product fluid my need to be a 15 netal such as

al um num or other suitable stiff and walled structures, such as tubes with
the wal |l s being the heat exchange suriqce.. By pre-condensing and cooling
refrigerates, with indirect cooling In cores such as the disclosed
invention, efficiencies of |ess pressure are needed to conpress the

gaseous refrigerant during its 20 gg]m can save heat build up and power
usage. The use of cores as disclose re efficient and | ess costly

t han cool g\{r}%g ek g.é]d as such, capable of by incorporation into
resi denti y%?@”g The invention and the enmbodi ments described herein are

25 susceptl ble to many equivalents, alterations and additions w thout
depar ti ng1f r onf\PHRAIERG s¥aBprativg coRlgE k1 4oreMARSIBGdescri ption in no way
limts that scope, which is determned by the follow ng clains. -34- CLAIM
What is clained) i s: aplumaliiynefi plaiets (6y hpeingtdryd9r and evet((12) sidespthieswat: a) a
gl urali fj yt of bpéaabg%le@; e'@laté'BQa‘f“lé’as(t ridS Wet b{ 3691)?% sbativd hgwuweme Si flets
esigned to be iV e plates
further form nal%(iﬁs ﬁ@%’&r R@rﬁ’éha 4%1??5\% %{ﬁ%g%? ﬁ%ﬁﬁgl @ Ipae? ed Jfltgutj UQ'%JéQ
wor ki ng gas st WEHIRY 3sa&keam (Ak QGF%ﬁSsmf-ééjrbe' 2 Cﬁl @@e@'atg‘écﬁﬂ@n(&hannel s
(3) to guide acrmmmlm(s)fﬂoungdeta peotiucl Jluigicstosamn t(h e adrosssthdedry asided be

plates, and thj n t 0ss the
wet si des of the E If@é] &JKE thizd %&ﬂﬂléﬁ?’) fbegméé'tﬁmﬁbﬁgmg gﬁ?ﬁ?ﬁﬁ%l d and

transfer the ®V/8pd \N\%Sldlealﬂ H'ef wet sides of the plates; c) wherein

the plates are aligned in parallel, spaced apart, and
b) a trough (72) formed in the plates fo hold and transfer the

evaporative liquid to the wet sides of the plates;

c) wherein the plates are aligned in parallel, spaced apart, and
oriented so as to have wet sides facing each other and dry sides facing
each cother, and further wherein, in use, the working gas stream from the
dry sides of the plates flows into the space separating the plates on the
wet sides; and

wherein, in use, the product fluid passes across and is cooled on the dry
sides of the plates.

2. The indirect evaporative cooler of claim 1, wherein the spacing between
the plates is chosen to minimize the pressure drop of the gases flowing
between the plates.

3. The indirect evaporative cooler of claim 2, wherein the spacing between
the plates is further chosen to be between 1.5 and 3.5 millimeters.

4, The indirect evaporative cooler of claim 3, wherein the spacing between
the plates is further chosen to be in one of the ranges in the group consisting
of: 1.50 to 1.85 millimeters, 2.00 to 2.35 millimeters, 210 and 290
millimeters and 3.10 and 3.50 millimeters.

5. The indirect evaporative cooler of claim 1, further comprising
perforations (11) through the plates, configured to allow the working stream to
flow through the perforation from the dry side to the wet side and continue to
flow across the wet side.



oriented so as to have wet sides facing each other and dry sides facing
each other, and further wherein, in use, the working gas streamfromthe
dry sides of the plates flows into the space separating the plates on the
wet sides; and wherein, in use, the product fluid passes across and is
cooled on the dry sides of the plateg. 2. The indirect evaporative cool er
of claim1, wherein the spacing between the plates is chosen to mnim ze
the pressure drop of the gases flowing between the plates. 3.. The
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i ndi rect (91\;3 mgnsipRedoane Coprgwey; @fevﬁﬂhﬁ&? W9 AR J T HB REY ¢ he

pl at es i stheuintiiect eMapoeativeccdsderi pricsie pessingdhicaghdbe iperfortiafiSoup consi sti ng
of: 1.50 to 1.85 mllinmeters, 2.00 to 2..35 mllinmeters, 2.10 and 2.90
mllineteys anthg.iddireandvabdraiive toolerbetiaim 3, whbeein nder@rahory eipanrads ve

cool er of | : - 1§l I t
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the wet spldtes is-bstahtiahye perptindiatiardedperditectien obfpwrofcgaseisaneross theair t her
conpri si ngefsiBalof kY plafek?) di mensi oned and configured to prevent the

wor king streamfromexiting the indirect evaporative cooler prior to

o ahore 5 oo e MAIRE YERbINS choletiof Gt ??tgieg%“ﬂ%'?é‘“ﬁ?ﬁ?%@%? P
angle to &J@W%”%ﬁﬁ%rﬁ’é@gwtéﬂw 3 {'ée‘f"o i Sﬁ'@@ﬁ‘ PHSE ?Q h@wéﬁ@r ection
of fl ow ofcrbbsithis dacsides of the platessi des of the plates is substantially
perpendi cular to the direction of flow of gases across the wet side of the

pl ates. 83The Thalifidrict @vaporative \otaradfatiaiod 1¢ father inclbvingh# desivchntii ng an
el ement - Qi fRIYB5SLHY AGatd forPaREiy! atSiAEAREB tH 1Srdkthk] e Siddgam Pri of
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sg[ream or the working stream, through the desiccant dehumidifier prior to

flowing across the plates.

10.  The indirect evaporative cooler of claim 1, wherein the product stream is
recirculated from the space to be cooled, in order to be reused as the working
stream and/or the product stream.

11.  The indirect evaporative cooler of claim 1, wherein the channels form
channel guides (8) comprising either:

a plurality of ribs extending parallel to the direction of fluid flow across the
sides of the plates and the opposing surfaces of adjoining plates; or

corrugations of the plates.

12.  The indirect evaporative cooler of claim 1, usable in either cooling a
space or assisting in warming and humidifying the space, further comprising:

a cycle control damper having first and second positions such that when
the cycle control damper is in the first position, the working gas stream is
expelled into the atmosphere and the product stream is directed to
cooling the space, and when the cycle control damper is in the second
position, the product stream is expelled into the atmosphere and the
working stream is directed to warm and humidify the space.



across the dry sides of the plates. 9. The indirect evaporative cool er of
claim1, further including a desiccant humdifier (25) and neans for
passing at | east one of the streans, the product stream or the working
stream through the desiccant dehum difier prior to flow ng across the

pl ates. 10. The indirect evaporative_ggmoler of claim1l, wherein the product
streamis recirculated fromthe space to be cooled, in order to be reused
as the working stream and/or the product stream 11. The indirect

(e\é?pgg?r:)ir Yg Cowgéprp]dgfec?g@%[lﬁ@r%g\{é’\’?%@# Bf &8RN gh?ﬂﬂ@r%oﬁﬁfr@n$§l?@@§ﬂ ol des
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surfaces ©8S 8@aNBi ng plates; or corrugations of the plates. 12. The
i ndi rect evaporative cooler of claim1, usable in either cooling a space
or assistilag i Mheandireg evapdrativedicbpiengft tieins pgcehefam tthertraughs farimg:  a
cycle CO”FicfliLg{j §triorilat’23r}9£%ﬂelc%8,ttoaé‘l%v§$lﬁquﬁ) RBW frb@NtheSysicd Batwadien the

cycl e cont er .I,S he first positign  the working gas streamis
expel | ed PRE 56t #e 3&%@%%‘%?‘@ %ﬂ?&eﬁ?éwg%&ﬂSﬂ“%tngSWP@S’&’Pgect ed to cooling
t he space, and_when the cycle control danmper is in the second position,
the produ¢® st FBamindireskpyarasaiive oceder Ringdper Hravhergtd 16r Kiakl! st ream
i s direct perféoratioas wnagiterhatingl trbughd ars pfiset sudbthdtxhghtiid iypessds the

evaporatigﬁa(,ce%oaeq\gvegﬁoﬂl,g'd@b"l, further conprising at |east one fan (20)
arranged so as to cause the notion of the product fluid and working gas

form i glfd pobt @@{eﬁﬁéxﬁgﬁ%ﬁ\?@;&%@ea%?%bih%fﬁ%ﬁﬁ%@%@p%ﬁw Pisidf e opace
bet ween lgier eethewehsidesial e pigtemior sistduting hediquihen Hae websidgs. wet

sides. 15. The indirect evaporative cooler of claim 14, wherein the liquid
per f or ati bhs ohhalindiratheivapotativegioslaref adifrsdt further admaprising af wigkihdoypasses

the layer on the wet sides of the plates for distributing the liquid on the wet sides.



spaces between dry sides. 16. The indirect evaporative cooler of claim 14,
further conprising a wicking |layer on the wet sides of the plates for
distributing the liquid on the wet sides. 17. The indirect evaporative
cooler of claim1, further conprising a wicking |ayer on the wet sides of
the plates for distributing the |iquigyzon the wet sides. -37- 18. A nethod
of cooling a fluid conprising the follow ng steps: a) providing a plurality
of heat transfer plates (6), the plates having wet sides (10) and dry

sides (1138, tha BbMoRSIRLIAGE Ti@UshpritfBine Miihg e the plates in

parallel, wth wet sides facing each othef and dry"si faci ng each

ot her; c) providing. an. 0 t he
vet s deb of 't b noRC IR ptE oL be bt W%t%ﬁ%?“ﬁwi% AT
passing a wor kWﬁbs*ﬁﬁﬁl(bO)s@’?Cbﬁm %'Q?S &theothe Rlaiesforminadfoughs @29, si des of

the heat transfer plates; f) passing a product fluid stream (1) across

anot her porti oh) of aligﬂingjthe slattesn glaraltet, witatvet sigesffecingleacbxther) apdssi ng
the working stggadRiecteny ddth oBer;si des of the heat transfer plates; h)
cooling the heat transfer pI ate by evaporating the evaporative liquid into

t he wor ki ng st%)gﬁm [5’r'2>v Hg“%%ﬁ“’gfl'thﬁ”r}ﬁgttmt“r ﬂgsf er plates; and i)

cooling the pr ct stre I Ag 'stream by ontact with the cooled

heat transfer Iates portlo The net f clal 4 further
conpri sing the )fol | Y 'HQ E}E"“e o‘%&h%gh atiaes r(§aﬁ§ W dry

space bet ween exipacaliie Imtm.l,es and gw ding the fluid of the pr oduct stream
and the working stream therein, keeping the product stream separate from

t he working stgeam passird) a working fluid stream (2) across a portion of the dry sides
of the heat transfer plates;

f) passing a product fluid stream (1) across another portion of the
dry sides of the heat transfer plates;

g} passing the working stream across the wet sides of the heat
transfer plates;

h) cooling the heat transfer plate by evaporating the evaporative
liquid into the working stream on the wet sides of the heat transfer
plates; and

i) cooling the product stream and working stream by contact with
the cooled heat transfer plates in the dry portion.

19.  The method of claim 14 further comprising the following steps:

i) providing channels (3, 4) in the dry space between adjacent plates
and guiding the fluid of the product stream and the working stream
therein, keeping the product stream separate from the working stream;
and

k) providing channels (5) in the wet space between adjacent plates,
the wet space channels nonparallel to the dry space channels, and
guiding the working stream therein after it has passed through the
perforations.



k) providing channels (5) in the wet space between adjacent plates, the
wet space channels nonparallel to the dry space channels, and guiding the
wor ki ng streamtherein after it has passed through the perforations -38-
20. The nethod of claim 19 where the step of providing channels on the dry
sides orients the channels on the dryzgide to run parallel to the side of
the plate <closest to the perforations 21. The nethod of claim19 where the
step of providing channels on the wet side orients the channels on the wet

side to ”th' ”Tﬁe%étﬁ%#ﬂ'cﬁ'&lé%hﬁg vxﬁhlé?é‘ 60% 'df‘?iro\tilerﬂgh&l%é@%(?ﬁetd he dry

The || quFliSE GFepoMeenat Pl e A 0 éEﬁéa*ai‘%&o%s@%ofﬁéed Bl <i'de of

t he pl at eslosest3o thapeferatiomsof cl a| m 22 further including the step of
providing a layer on the dry side that is inperneable to the evaporative
liquid. 221 TheThEtnh@tﬁodfof@la@tinmglﬁlhefemtehﬁepidﬁ@kmddjlng dHaenetsepn tfe wet ni ng

perf or at gRg bidds! HEOUA S i e Suet BBEEN T 5 MPFERGo dtREMLfdo Vs

t hr ough erf or at y sidé to the wet si e and continues to
fl ow acroBd@ ”EH@ t&étgué‘%feo g‘? &%t hod of claim?24, further including the

step of formng a barrier (12) dinensioned and confl gured to prevent the
wor ki ng s22ean he gnetedt phglaimh9 i fudhee sicledinpdhat stee ebeisdiibyingothe o

passi ng tliquidibr thBevatasurfacas vizng wicking fayer (7) on the wet side of the plates.

23.  The method of claim 22 further including the step of providing a layer on
the dry side that is impermeable to the evaporative liquid.

24. The method of claim 19, further including the step of forming
perforations (11) through the plates, wherein the working stream flows through
the perforation from the dry side to the wet side and continues to flow across
the wet side.

25.  The method of claim 24, further including the step of forming a barrier
(12) dimensioned and configured to prevent the working stream from exiting
the indirect evaporative cooler prior to passing through the perforations.



