WO 03/ 049844 PCT/ US02/ 39808 METHOD AND PLATE APPARATUS FOR DEW PO NT
EVAPCRATI VE COOLER BACKGROUND OF THE I NVENTION 1. Field of the Invention.
The i nvernwoag/onshates to the field of 5 evaporative fl ui e@caarsd2/sisoni ng.
More specifically, the invention relates to the field of sensible cooling
of fluids (gas, liquid or mxtures wwth 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 | ateral
tenperature gradi ent across the heat 10 exchange pl ates. Further the
invention herein is directed to an inproved nenbrane design, to aid in
quick distribution of liquid, efficient reservoir systemand a control
system 2. Discussion of the Background. Indirect evaporative cooling is a
met hod of cooling a gas stream wusually air, by evaporating a 15 cooling
liquid, usually water, into a second air stream whil e transferring heat
fromtheflrst air streamtothe second hod _has certain inherent
advant ages conpar ed M(ETMDMDMT@APPA E"‘_I-S'FH‘%B'-:-VV(E’W'én'ect ricity

requi renents, relatively high r%yﬁmRN' E ERe abi lity to do away with
the need for refrigerants such as R1 34 and 20 all the disadvantages they
entail. However, indirect evaporative cooling is as yet only used in
specially built conmerci al KGROUND OF BHE INVENTIONt avail able on the
mar ket as a residential or after market product. This is due to certain

di sadvant ages of. kndvield ruiimechwea‘tmmr aﬂievmvenwrerrelamwtmmmcﬁi@w ofxcessi ve
cost, ineffective 25 the rradyn QJ Wt hat oe ot al | ow fo[ enough
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exchanger, excessive pressure oachl ng the dew point
of the air strean pitheut peasetharded)itoigubstantially 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 désign, to aid in quick distribution of liquid,
efficient reservoir system and a control system.

2. Discussion of the Background. Indirect 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 sowe odesisgns, reliance on a good deal of ancill aryceqsopsmsnt. 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 xi.pg between 10 canalized air
streans, and in which the air stream passing through the device is put

t hrough a 270 r A RN, ' |, t.d ' pressure
drop engender egﬁgf‘?{? ﬁé%?@v@o}ﬁ%&j h"{ei%gﬂﬁ(g%g?"l %Wﬁg?‘é %%&@@%m | ow for
cool i ng fluids pydier gxpensivetisal @xehanger excessive phessusedrap) diffipliitgat i ons
where recirculation is desired. 15 US Patent No. 5, 187,946, i ssued to

Rot enber g et alaRpiogaeing Ahe devegeintRj: thepair siream é@lesﬁﬁ%etﬁ?ﬁ'f@hotatent
(2096257) di scl :Ban | p | u he heat
exchange pl at es&%gﬁ%ﬁa[ét@?;negﬁﬁ IEilv\g?\xl aﬁgm(ltjér] 3”0%&%%% ngﬁsgmé
inventidn is dirtaurendrops sachsdsarihé aheatapschamge tdppabatu8y |19e diesit! osur e

20 ( Mai sot senko ssi an Pat eint 2046257) dpes not use: a se arac}e r eat nent
of product fl uiSShABGeReerits A (i e Ae desins, IlCe on 88504 deql oL osur e

is linted to, MciRipefuigmérds). the thin plastic plates that operate as
efficient, heat transfer fromdry channels to wet channels yet do not-
transfer heat |aterdlByPateohdlo He0GUPABJesURd tohdysitariseet aloen alaps 19hal | ow
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costly spray heads | ocated in each wet channel . Fina . 5,187,946 argues
agai nst t he usel@yiceisapidhrepahde £70degrag tirayitBin thgrdsyicentresyliEng i ovi des

e e o PO o5, SRERERAY M6 By Bt ddgtal ol 1 ne
addi tion in theviantererioesnvatnallomw fary cOMNngsfl0ide Szthe PEENISORIBD 808and 3
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 (2096257) 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 ﬂu‘id\s (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 thé lateral temperature profile of the individual
heat exchange platesl:, 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 presswoasgusps and at the sane tinme allowi ng better ceatrruso2/sd80s he
exhaust channels. 5,187,946, simlar to Munters above 5 is |limted to
cooling outside air. US Patent No. 5,17Q3633 issued to Kaplan on Dec. 15,
1992, shows the anobunt of ancillary equipnent which can proliferate in
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In exam ning systens such as those referred to, it

treat nent equip
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fromthe different nmethods again on r cooling air. Pat ent
No. 5, 488, 223, isliimitédIemoolid® olitide amnd nomi naI ly issued to t he present
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the unit requires two gas flows in an two gas flows out. In addition, the
design in questlmdjreaimpnmtlvgrwtems U Hazﬁ%ﬂtrl‘ém 60 @7, 3,V §8,5@8t hout

cvapor at ve. coo P2 eha PR S7he O AGHRAT r 008 PHE SRR ER0a RS e °°"
desirabje, it iBel@imgoktesl apl Gdhartestr abl @ispihyotiendinig amRkdreat bpns by
the present |nventor al so address the technol ogy of indirect evaporative

cool i ng. PCT ASceesive G tegtmesb enoipownt. f in eyaménng Sygtems 300, asli scl oses
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better nethods hefat dashgngerf atde rhemet tmmcdjmglelrd:cbo ethe dveralllicostcdf 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 desirable, it is as often not

25 desirable. ‘

Two pending ab"'pili.cations 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



WO 03/ 049844 PCT/ US02/ 39808 -4 evaporative coolers, allow ng better
wetting and reduced pressure drops. An indirect evaporative nethod and
appar at uswprosmisisng nore efficient air flow and heat tramefrarso2/39808
desirabl e. The advantages of the 5 inproved nenbrane, reservoir and
control nechanismof the indirect evaporative nethod and apparatus grant
advant ages over the previously disclosed designs yielding nore positive
results. WO 03/ : / - T, The
present invent iegléggfaél\\/llgggé&%gi%W@%tbﬁipora |§vé%gollﬁeulrcwgﬁ@fslgallreds of all
t ypes having crdssps.fl owi ng wet and dry channels on opposite sides of a

heat h | ate which all heat t fer,5 th h the plate due t
Uhin plasti e conet r dil oGt YPRRIRCEG SBPE STHhABPRERLS BIVGPB/BRER or

m ni m zes heat dJifidBsf &F bRfTPhb tPANISr sRisirBbR erhéaavmége%ﬂﬁé
application, we wsh to define certain terns: 1. Heat transfer surface or
heat exdhange smnprenssl hasnbranay resenvdigandtcootiel mechaaisen ehdwiyslireetl wi t hi n
the subject of this .10 disgclaqgsed invention w iate. adj ustnment to
the wetting anf'@PQIEIVEs Mapo andkrﬁﬂmr?tﬁ'st ﬁéé&ngq%g’%‘ﬁgd%orot e“i?arrpl e of
the illustratigfavisBslifRiiscloss] @ésigndliiding aidre poshiveaasulls. Wt side or
portion of the heat exchange surface neans that portion having evaporative
liquid on or in its surface, thus 15 enabling evaporative cooling of the
surface and the absorption of Ilatent 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. Wrking stream or working gas streamis the gas flow that flows
al ong t hewbaam4muchange surface on the dry side, passes 2&TiUs0D8aghs t he
passages in the surface to the wet side and picks up vapor and by
evaporation takes |atent heat fromthe hgat exchange surface and
transports it out into the exhaust. In sone enbodi nents, the working
stream may be di sposed of as waste and in others it my be used for

speci al purposes, such as adding hum dity or scavenging 30 heat. WD

03/ 049844 PCT/ US02/ 39808 - 6 SYMMARNOF THEANVENTIONduct fluid streamis
the fluid (gas, liquid or mixture) fTTow that passes along the heat

exchange surface on THé@rébent ShshtdRdpiovide@oh” dndiyedt e aporaivet tolepf heat
by the working gas streamon the wet side absorbing |atent heat by the

evaporation 5 affluigie afeall Bipes. having asossh flawing met Anst dr ehdoaelseon is a

feature of the t ' S [ Sl nbr anes
in a central e(l)r@g)gﬁéa%@%é %grﬁ)ﬁgﬁfegggﬁ%%yat%g@ggg%glﬁ%d?%%eﬁ%sﬁnbranes
wor k i n &onj unchfoughathd iptite ddyeades apin pasticagshstmuiclion hed ety $uieslé ons or
reservoirs for purposes of wetting the wet side of the nenbranes. The

| ocati on and sﬁﬁ%f@f'ab?néy? e_rea{ein&'%ogmalegﬁ%ﬁf heet tfﬁﬂsie& latrrghly @long é’:jt@h li ke
features are myjighy F‘iﬁ'ﬂitﬁbb?éi?fn%p%@éﬁ%@yfmﬁ {d)geﬁr@céﬁéihigﬁqﬁg ol at e

apparatus are enconpassed wt cl osed 1 nvention.
al so has passagewaysl.or pégdiotransfensswfacer andsteat erclemrgebstvioee hhe dry

A A T N M S S T
evapor afg ve cogfiddiésdcRrenibACRith Bypprephste 8jukhBeRetd Matwahagt &%y wor ki ng
gas streans have a pressure drop
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 évaporative 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, passes

25 through the passages in the surface to the wet side 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 special purposes, such as adding humidity or scavenging

30 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

| i quid i rwbDhe/owst4 channel s and thus to cool the wet surf @&ca/usb2/s9ses heat
exchanger plate) fromthe product fluid flow, both flow ng through dry
product channels and dry 25 working changels 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 surf@ce ||§rﬂta%b{19tr88m&d mﬁéﬁmeﬁr&}é% |Eﬂhér?ﬁ;]d"m3§,ng wet

channel s. The wor ki ng gas Fat anPer e dr ing cha and
then through pdiduid et nm:tsre);ﬂmveﬂwabrpae*s@ealmwthaﬁwtmalnangé stifacesbder 30
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are on the dry Is plate In materi a
al |l ow edsy heatintthamsftereacross this pate and thus to readil y aI I ow heat

to transfer fromthe dry produyct gchanne we vvor Thi s
is one basic unit orel enﬁ’ Efw?ﬁ'g%sysmn‘f’mbﬂgﬁm?'ﬂs'?r%t?‘?l thod of

the separation Qbmipalé MHa0dh ftﬁé"’iﬁustﬁﬂlohgdbé&f-‘r’s' n QW%eHI#aﬁ@é’%aée
product fluid by evaporative cooling. It is therefore on rfg)eCt of the

i nvention to pragnt@e ared nefi ribet memhpnest iand che droughs @eliaeandt i ons

allowngflowf n nthe
opposite side o 8%25%%%8&&%0%%@2@&8%0@ ég m?wﬁé&!&% &Vhﬂ% %}.@c of the
inventitm to priwldidg lecatidnd srerssendidplor puipesesos wettihgthaavdtegitle @ change
pl ates, which do not allow substantial |ateral heat transfer but do allow

heat exchange tthedugmbranes.-adhesiocatien gng:shapeniandofelativecplasemamb ey at ur e
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effectively 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 nvent i orwbDm3lavses heat readily transfer across the plate fecamsSotsosg®d dry
side to the wet side but not readily transfer along the surface of the
plate. It is another object of the invenyion to provide an indirect
evaporative cool er having a tenperature gradient across the two

di nensi onal surface 'ﬂ*‘e Bgﬁpr@)ﬁﬁ&fech%rﬁ%lég Hrt@é('dw Egev&rtﬁisgﬂ?%aﬁ-h%g stream

channel s having a range tenpera

i Event ion to prpdatedie afra thidimatetial m/aluwawasymemcbﬂaasfal a\c;mss\gmsepiae@t i on of
the product fluid strea use in coo n particular, the fluid
streanms exiti ng@d Gwstt ﬁéeé‘éﬁ'ryd@'lﬁw %E?B%@?n%{égﬁﬁm FH'QdH%tI U@ f or use
in cooling. Co ct t he
wor ki ng gas st ?égﬁ%?ﬂt/éét wgé@ﬁwé@l'\d%ﬁ{dé?hdlfﬁﬂllét@ﬁ?éb%tsﬁfeu@ggﬁegégﬁn%ﬂﬁto%f%

03/ 049844 PCT/ umtmﬁ[b&stratmglthelmemmdtdféhe sbperatioofoftvwarkingvgas flawms t o

provi de an indirect. eva %L&ste co hay] ng action
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It is another object of the inventi'on to provide an indirect evaporative

cool er havi ng ®vepserafiveptanierihang ipguiosiationst allawing flovafrom det wordngel s of

1 wet membr andenTEE 1t 90t ST GER M it Wmﬂbﬁ%&e 3ot BBt oy stem
to adj ugt and cHehbAbelphel iquid 10 distribution. Is yet anot her obj ect
of the invention tOIFrOVIde an indirect evaporatlve cool er having cycle

sel ection neans, Hatarpibeh @biegingke therdRvertion to npkpvisie @einditeChr ovi de
cool ed, non- h”][’gr\%l%‘&ﬁﬂ/eabéoler ABGinGUW A% WhahEE AR Svhith dBB¥otPRIdiFed tO

scavenge heat
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 aVe'raged 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 sireams 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
evapor at iwe .cowses , al |l owi ng cooling of a stream of a prod®aatusor/aws80s
substantially the worki ng gas dew point tenperature. It is another object
of the invention to provide an efficient.g.20 indirect evaporative cool er
having a relatively small pressure drop for working gas streans. WO

03/ 049844 PCT/ US02/ 8. e : R : W L gure 1(a)
is a three dinensi oﬁgﬁgp%rr‘%tgggtl eCtgﬁfngéch'}eq{r'ré?tﬂlKg: tg;ﬁo@}mﬁﬁ%@eﬁ a first
enbodi nent of tdweaponaitve | covlérethaethg Sffleieny witkiaggastioh oallgwing eksy he
wor ki ng gas for cooling of the gas in passing 5 thTrBugh a perforation or
passage from a \/M@tgc,mgic{]l@ugpta@tlaﬂgpioﬁﬁeasw@@ce gregeoidneiwrt chiaanels witla dry
side of the pl gpﬁé i s path separate
fromthe pr odugé&f%?aépat %gfgﬂélgﬂﬁg@té@%&héﬁb?ﬁg@? ?@'e and schematic
represerfati on of tlhdsobrethse ahjee of thé ginventigra)toshmwidey anhéndiegctsi de

wi th channels 10 and.depicti t he working gas.flqw after. it goes through
the paseages  arVARRERING Bhger eV asgrstamepgnding T uBemeRea
evaporati on OGGaF ghafh&Y 6f & )deviced RS W%@%t&%&ewtqmcmy_
representation of two plates, such as in Figure 1(a) and 1(b) show ng the

wet side 15 cldisiibute the tigdichio eHewelemambrasess ta provige regserveirseosnd pl at e

ot 1T st raci (e b dtro SSRRERS 8o RORRE A LR Wi RS The Sugh
t he paspmges ardistribu€tiohhe wet side channels. The product fluid is

separated fromthe working gas as they pass along the 20 dry side of the
first and second pl at és Yeh@apthes el oft e yantomdQ errovdp e idifacit es

Do 02 oL, PR R vl R SRt Bant 58t vitsRigd
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 cdoler 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

per spect iwe oajabsschenati c representation of a second enbadirnsnt/3shst hi s
aspect of the invention, showi ng a working gas flow path fromthe
segregated working dry path entering th@-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. WO 03/049844
PCT/ US02/ 39808 -10 Figure 2 is a three dinensional perspective and
schematic represent ati oBRIEFEDESCRIPTION @®FTHME DRAWINGSspect of the

I nvention, showing the gas flow path when the invention iIs used to warm
and hunidify an ai rFigtireed(a) i dritigeredihensionad Perspddtiyetdrideecliematisi onal
per spective and scherratico{;%resenta,i on of the flow path of a fourth

enbodi nent of ERIGSCRLHRN ObR igembRAREnb AT Sicol ARtiahB1aldi SheVdRE 1 ow
e F0et hey " S Rhb ! fou D2t b i ARIKIAG oS 1Br ESOMTY O i GaP 1OAMGING ! U &

and further show e product u ow I n conte use.” 10
Figure His a phrdughl &perforationd ompassage frope asycside eofanglats dhemaket ¢

representation of t flo h of a fifth enbadi ment of thi agpect of

t hg i nvent i :)n %%PE@"%I@%'gghﬁrﬁyﬁfd&‘%?fg%eég%teﬂ?wmﬁ{o@ Iﬁ%ﬁ?ﬁ‘% ionis

used with reci I’Wkﬁ-gg% gath gé%teamnftgétpwu&mgm pgh. the gas flowin the
I'gure

context of use. 15 FI S is a three dinensional perspective and
schematic representidguien 167) isna exgrapediveaane sshgmatic meprégsindatigranhel s,

aui des i th ¢ nar et arad e op FRwR: ey albW i e Vi 38 Wi Shar o ntr ane.
The dryjovor ki ngargegesiotieg m@m@rlﬂﬁ%@% flow atiahit hbes tRdupashagrsshged he wet
side (not shown). Figure 6 is a three dinensional perspective and schematic
and then along the wet surface of the channels where evaporation
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 oWotlheegshat e has wicking material to carry |iquidPeF/fSovsesthe
feeder wick nethod to the edges of the plate and to supply the liquid for
evaporation cooling. Figure 7 is a crosst@ectional view of the assenbly of
Figure 5 wth additional plates, showing gas flowwth the side w ngs

bei ng angl ed UpVVardFPﬁRﬁletﬁ?aﬂl@e@%f?ﬁens%l%@r‘sgﬁ%é %dh’s‘ éhatidry 30

surface. The bottom o S plate is wet an annel qgui es ort hogonal
to the dry si deephesenddtion Thae thafdmubpdilmemtrdsthlstasm of dhe fimeantiosci ng t he
first plate's V\ﬁ{ surftﬁces Ki S%Jh neI S 03/ 049844 PCT/ US 2/ 39808
111 between t hes WAL t5 Pasaliow d"%b e\}\%‘fe“ PRS LRGP BefTeaRds it s
dry surface on {lRiditdnom segmessi ve plates continue to match dry to dry
surface, and wet and to wet surfaces. Figure 8 is a perspective view of a
two sidell core with Rigeeederis 8 wedialyl Hireebdimensionale perapestivesandd t he

o"e 2 partial 1 S ELBR ST o N MEW Brh S Tultf B P ERERL B T o
i nvention, incltil agpssthefhk invesidresAowirg tHes workioggasf flow wish ftheli d f1 ow
wth upvvard angl ed wings of a core. 10 Figure 10 is a partial Icﬁtex pl oded

perspective vi dAVeAtiom is asgddfareseolhng Pf]@ |Wé'ﬁi'd'8ﬁdu3r0ﬁ’g'ch figicht @nduch as
Figure 1(d) V"'Tiﬂrthtepghé\{vﬁﬁ tHe H’&mdt?ﬂu&ﬁm{/ £ &5‘nt§§1‘ s?r on the plates by

a reservoir. ere ucceSS| ve ates Wt y and wet wet
surfaces) Figure 11 Figuee pbnspecpavtmllyl ﬂrweef dmnérmomﬁr pempeetiwﬁtbndt center

From the cent erGiRIEr PBFERriADN A HPdbPARLEHE M SOGUARBL T e cent er
w ck. Figure 12aép%c%f%ﬁmwé%h HHowihg VGRARY aitl Proh@ Fasi6H 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 multiple 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 wooemeIshd quid to be drained. Figure 13 is a secomdTarsomslisnent of

the feeder wick plate with hole through the inner part of the feeder w ck
plate. Figure 14 is a third enbodi nent gf4.a feeder wick plate 25 conprised
of a sandwich to aid quick distribution of liquid to the outer perineters

of Lo feeder weltolh e pAhrPul holi aRSwel "o WM lubsyoppr | sed of

materials with erent porositires m dd Vi ng greater

porosity than tdmg sovfaee drarey boffbgur Budcessiveaplatsss pestinuee to/ maieloidry wo cor es
simlar to Figure 8 30 with the air pathways shown and illustrating a
separation gap {D&MmeeHace. RN wet and I Webseifdcss heat transfer rates by

breaki ng up the pat 'ﬁ%%(@ V\gf’s/s Qjﬁ%cﬁ@’v&éﬁ@%ﬁ%ﬁﬁzg%idéﬁi%o}é‘mh%%@BBPS and

thus break up large p create ary layers which in turn
i nhi bit theat twidsfmate Hejgween libei svarsidess arll yhefupwares angledr wings ng and

valuing in conjunction with a feeder wick plate usable in assenbly such as
figure 5 8, 1§”§Hgatm‘ef\r%8r%’§%lj%’@mé9m%§ {)%ﬁ%rr reservoir feeds the feeder
wick plate. The | owgrigises vigi b parialy @xphdddoderypéumiedeist mbnesmif the

wi ck is short of liqurd and thus havi ng' a lower reservoir level in the
bot t om r eser voiassenthily af theesinvention ineluding gahematiosgipresardatiaspofoamr e

liquid to the [ VO [ | qur h e reservoir system of
Figure 16 incp&@’g"raﬁiﬁhlcﬁﬁlq\%%e&ﬁg%ﬁ%ﬁﬁ&%ﬁﬁiﬁr&re 8. Figure 18 is a
per spectg ve vi ew of Fig@eheln agtedhaitily oéxsloddd pSerkpBLRIE VieWw! oidle up.
showi ng wor ki ng channel s, and gas _perforations with a trough formed in the
pl at e havi ng | iequpediment&fiibedpventions ésing ywlatet 8/Ghags Rigvweulle) twith he next

ayer after It E3RIRPsuBpRIPREHRS TGN of tnd Barb Bl 608l bottom

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 | plate, but with the dry
side up, with product and working channels and the liquid perforations
with trougb oBoemud on at the bottom of the trough (on the PpRO/USop3whs Fi gure
18). Figure 19 is a perspective and schematic view of a stack of plates
with a Type | plate, and a Type 2 plate,i2and a second Type 1 plate and a
second Type 2 plate and a third Type | and a thi rd Type 2 showi ng the path

of 1iquid as i ingniermdie 4P tilist Bod AOMBh pAmENRS AR lale Trom

the pl ate above an XIts t e liquid per rat drops to the trough
of the next | oweundbatlayers Wiich ih tqmnanhlbwhmaétraheferl iquid accunul ates in a

reservoir until theg.i lé:,\ﬁ rreaches the | evel the liqg (g rfor.ation in
Lhe Sl des of the tr EOWRIS 3 SSsamELTT geservolrdipg ohd yBRing if henext
| oner Type 2 p'c%hﬁln%ﬂgnwwa 'Pé@fer\Jbﬁpldtg‘ﬂxbgb%%tdﬁérrw§9€|¢§sq|i?WFBNard

| eaving a reservoir of liquid in the trough each Type 1 plate
03/ 049844 PCT/ 8s0%/ a%@awer-a_mbgd@mtﬁsonhasuap@ereg@emw \eedsnittesieledatit i ¢ vi ew

of a stack of T e a th r tube to supply
Ml aui d to the b Bl Bugrhe s Reflelioy Ay §raifht SalErdabies °.

working air  segé wick BEHOrobf ﬂdwd ahg tans! hbvmﬁlaﬂlmsf@g@rqu 168 i B ect
pathway. 5 Figure 21 is a perspective and schematic view of a stack of

Type | and Typ&oftop) easesvoiagvhish thep funs on tetfredeqyaive dospPplv BEs at
nore than one l.evel reserv0|r to collect liquid with a
nonitoring dew"glcf,!ﬂttgac gttg%?é’%éﬁ | iquid needs to be added to the stack
becauseffof usage ratFe@JreVU QBGS\ﬂsﬂ%a‘lmdéﬁIditwéMQUFel% Diebpp dufafzd

DESCRI PTI ON OF TEb NVENTI ON Trng t hree di nensi onal perspective and
schematic repMé aqqr%ﬁsa@"@ﬁv‘% i9HI%ent of a primary el ement of the

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
liguid 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.



i nvention denonstrating the method by which indirect cooling occurs. 5 This
el ement enbodinent is forned as a flat plate (and thus also referred to
herei n aswploawesd) , i ncl udes perforations 11 which connectPCTdrsyg2/398de 9 to
wet side 10. Dry side 9 is further subdivided and segregated into product
channel s 3 and working gas channel 4: pgforations 11 are wi thin working
gas channel 4. Wet side 10, see 10 figure 1 b, is wetted with an
evaporative |iquid i ; féb’kn | 5.
Channel s 3 and 4, th ggqggfggkgsdeagg.qungdég@épéﬁc% |ng ry ggfs3 i s kept
separate from t’ﬁwed*r }BndeﬁIﬁJthldthivdth mmunbfeegimrdme & dupplydiquichtmel s 3

d4b t t th b th h | s 3 d 4
and 15T el At v ahg (0 senigh oty SACkARE SaNGL S 14 PR He BBFBBAGE Ul ar gas
streams on the (abgy oSS thé\irldh IRLLﬁ’d ?ﬁ@Ség% foethe ddﬂr‘é&t RBﬂ‘ﬁ\Faymy readily

pass per pendi cuI ar through and acro |l ate fromthe dry S|de to the
wet sidé& The plate anmrer Ralisias psemmﬂtled amd schemptie vieytof a iséaclf of al ong

Qui dos asi de | ARGl GORGIIRG B RatPar & o F e e BRI snd) et 8 <o

advant ageousl y m&%U{r?érﬁ ohBeleFél AN %ttam heﬁ'v@iﬁitéldﬁlléct i.qmm whe @dj acent
paral l el streans on both sides, thus offering a low rate of aral | el heat

transfer”. In usenitaring deviee tetdatesh whetheniliguid apedstabekaddpdsia &26n of gas
25 2 are respec dr nnels 3 and 4, traversing the dry side
of plate 6 in a?tt?‘éﬁ#%%q’uﬁ%l%c}vgs% %fbﬁsg gas stream 2 then fl ows through
perforations 11 to the wet side 10 and into channels 5. Channels 5 on the
wet side directs gas stream?2 in a direction sonmewhat perpendicular to
perpendicular to the fluids flowng on the dry side and 30 across the wet
side 10 of plate 6, where it receives heat in several WO 03/049844

PCT/ US02/ 39808 -15 ways: first, in the formof evaporation of liquid from
wet side 10 and second, as heat rejected by conduction and radiation from
pl ate 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 2woas/oigsdi cated in Figure 1(a) and Figure 1(b). TreTarsox39shs ow need
not be exactly perpendicular, as long as the flowis "substantially
somewhat perpendicular”. At 180 degrees,.q4fhe flow becones a counter flow,
and at 0 degrees, the streans on both sides of plate 6 may be parallel. A
substantially sonewhat 10 perpendicular flow nmay occur at an angl e between
these two extremes, provided the angle allows the streanms on opposite

sides of the plate to DEVASLEBUESCRIPTIONOF THIE INVENTIONhavi ng t he
streans on opposite si'des of plaie 6 1S that this provi des a tenperature

gradi ent and tenperarig_uee disf betigiell dimehsieHas gsérspddtive Bhd! Bohé&matic
enbodi ment all of working gas stream 2 passes over the center of the plate
6 in channel 4.represanality ofs@nsietabedimenit ef @ primast ejeaent| of4 thgas

The ini et st r 1P getigleliBfnd e MelFod B WionJere hoiBd BREME )« he
evapor atjon on Tiis slbarinteerabddin®int 39 fotrake 45 aTflals phité Japd thuscslebi ng of

stream 2. Thus as stream 2  proceeds down channel 4 on the dry side before
entering perf or8f¢reed to hereipassplais, 6} dotldes gerfaeatiany 1hwhigh Cennast
tenperature. Thi c@old ki ot de I |ﬂ¥\ﬁet Sqishegagk L0 enter
the wet side C(I;t?) ergiﬁlghgn&? Slget g@ieg?géﬁjrye%ggr gt %’ri t err 5‘#%‘?'2‘%& ﬁhg

conti nui ng | owesegregated! nto2pradechehanoels. 3Thadcwodting agarchahnehd: gas

control of 't he AYIAPNSER 1A 6 WHAN WORIKbPoSCTRBHBEHat et Sehdls ¥ber at ur o
Gas St T 2 LI A e B e ek of gas
stream 2 througdidehtO0 alee hamrohenseb 5.i tChannalsy3 dand ahdfigura 4Bse@rd t he
O vl rgrb 5 FHCRBIES Myl % ol el B PR cy te
product fluid. Channel guides 8 define 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 fhe 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 barriers 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
25 2 are respectively drawn into 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. 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



-16 of latent heat (transition fromliquid to vapor), which in turn allows
for the greater tenperature differential through the plate 6. Thus channel
3 near estwblg/oedsannel 4 will be cool ed the nost. |n pract ipca/ushp3gooduct
fluid may be any fluid (air, gash liquid or 5 mxed) for which dry cooling
is desired, that is, cooling without addjg.ion of a partial pressure gas
conponent derived from evaporation of the cooling liquid. For exanple, in

commer of 8l _and &R 60t tnd ARF of E)Bpordih ‘b TRV oM uetihd, 19 g8l 1 N9

liquid water: ro air reans he dry Side

channel s i nventgegondpas cheutt refedted oy o@d&tlanyartwmadiatwn a‘dﬂﬁCblaid 6can be
refrigerants, either duri n phase hagges or not, to allow for cooling to

| ower t enper at UkTBS @@?eoﬁé‘ Cis8s aheAtt BERI %%aéraéh'ﬁ‘éiireﬁlﬁ‘ eYanEabY®s in the
refrigerant cycdo% &t %Qg"ﬂoﬁpftewérgeé %rﬁfﬂ?—?ﬁd%@f %ico?l%r %‘dgé” e 1(a),

t he segregation o he wor dry gas omt uct may be by
channel Hui des das dtretma2t aaindicdted imeigused za)d;mi:Elgurqaﬂ(ab)es In the end of

h | 4, b ts th Ki f t
and mxd g v th  hd T BERGL o QR At B SXack PERIGHR 3R loPRAthannel

gui des are parthkdldw |§"é@bﬂsﬂeﬁ‘ﬁlahy sb'ﬂﬁa\ﬁl%trbtgﬁbhﬁ’l@ﬁldr’” Mﬂa@i ab§reeksel f. The
channel 20 guides would be present on either or sides of plate 6 and

bet ween t he pr dbediovs becemgsd mumemgﬂoghsartobabﬂed@fee@aﬁa aigeamsfoni ds

bet ween the cornr S0 o

function to chapr?:ﬂlgaé' %1 o Iagér]%fﬁg ﬁgg#g a’bhdghrpgtérﬂ@'g %ﬁeghgggeousl y
mai nt ai4o t he sqmp@rhmchaﬁfﬂ@hamys wcuh att ey aﬁg@é esetherQ&hémStaVo

enbodi ments having nore than one heat transfer plate. In addition

corrugated charf&Pmas deeviaag the aﬂgl@daIIQW%@ﬁ/\ﬁéﬁﬁmﬁgﬁ opRasitessiges ph whi ch
case no additiqpa cﬂlétg%rc%éggafsﬁ Jie&dethe Y'\ﬁg?ﬁca aéf’hgglpaltﬁées Y

advant ageously I'n ayer materi transpiring the
cooling liquid cncrap@ssmwdesleoflﬁlateiﬂ) i&r thberthisl pro\ndia V@ ¢émipgyaturemay cover

substantially tgr}gdl%m Iarr1§ tésr%;rafa%?ure differential discussed later.

15 In this embodiment all of working gas stream 2 passes over the
center of the plate 6 in channel 4. On the obverse side of plate 6,
under 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 nmaterials: cellulose, organic fibers, organic-based fibers, WO

03/ 049844wB@3/0¥B@L/ 39808 - 17 porous plastics, carbon-basedTiiSonsmss

pol yesters, polypropylene, fiberglass, silicon-based fibers and

conbi nati ons of these substances. The wgk |ayer material, may be in a
nunber of forns: filns, weaves, braids, beds of particles such as beads

d nbi nat i ' [ b
fhe material ot i ERat (RafMATHORERYSo YaRBrhVAN B lim bR Br T, P2
treated on ondhsigteatep temperatire differentiabtteougihéhe piate BealHus chiatmel hen

being used as the dry side of pla 6. The treatpent may consist of
changi ng the nat D@ th%&%r@kalvﬁ 3@%&%@}9 MOgLel f, or coating it with
10 anot her subst anc : A hveal ent i | ayer
materi al may be tregtn yé?t cl)&%ter%owolag\%vi ﬁgpn@g}é?ﬁ %@P?%gt(ggag%{ﬁ@gyﬁgk
entirel o i nper maixedeforlwhichidsy epglingdatdesited, thawisy epakrabwithoyt'additiors  t hat
t he amount of ter %llowed t hrough plate 6.t0 dr% side 9 ifm_zngll enough
that the gas st¥chREA SLEFSHIe a5 CqrpRowSHi e et EREevaroralp L e al | y
hum di fied and (ﬁfcﬁnQthﬁ:}JbFégéké]grﬁbieY irf e8Rtbrelal aﬂH%@Qiﬁéﬁtin%sa@é@%lﬁét ution
y dry side e

of a | ow perneabili _ or an inperneable dry side nonethel ess
al | ows practi cdluid maweberaieand dhe oooliag dnuidowatarethe prdust aitgtkesgs t he

por meabl e or "t gl SweLsle it fBTATRAE Suiiets EReRLSR Bad SRR 1 o
pl ate 61houl d gy @umidiey aiddedl y 1high besrsiigeemts,t eitheatduringnphase Wil e

this has alnost no effect on heat transfer through plate 6, because it is
thin, heat canrfd@ngestardipds e ally foft @aalinpyto lawe lemperatyyestheforgsuse scussed

T oo s By AeR SSSRLIbERReh B9 LAl romnal BT o
11 may advant agmsiéisly be round or ot her shapes
In the embodiment pictured, in Figure 1(a), the segregation of
15 the working dry gas from the product fluid may be by channel guides 8
that act as walls between adjacent plates. In the end of channel 4, a
barrier or wall 12 prevents the working dry gas from exiting and mixing
with the product fluid. If plate 6 is corrugated, the channel guides are
partially provided by thé corrugations in the plate itself. The channel
20 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 plates, in
25 those embodiments having more than one héat transfer plate. In
addition corrugated channel guides may be used in between flat
plates 6, 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,

t



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 twolaloeasee in gas stream 2 as it is passing therePchrusoyboesoBy
preventing turbul ence, the pressure drop across the indirect evaporative
cooler may be minimzed, with correspondimg i ncreases in WO 03/049844

PCT/ US02/ 39808 -18 efficiency of operation and reduction in construction

ts. Th ' h her th
COStS € pglrpfg‘t?ée@%' @;ﬁ%m@?y BoRRbS Sﬂ?éﬂéc BfyeBles O mf)yl'égb, er than

perforation. advant ageously sl opé o as to
accunul ati on offiberglass sdwoerameﬁbmstaudaddmbmatlmmmeftfmSQesulvBtemwse 6 to

it tact i th, f ,th | h
eservolr. wherByWihdoWpL kg ahiar B3 n umis! iR . &iefits

suppl ied wi th ¢pglkngedd 8HpaticRY dRATBeddiCarrd B6MbIHEORS tA¥ekr oM
approxi mately -10 degrees to aPprOX|nateI +10 degrees, the 10

transpi oat i on of i @\dvanagﬁms@ e vickelayer materaideay derthermatsrial of

i cking mat or i BB rg" Brampl. oS el 5 SRR YaF cictePl BEeRar® coces

transpiration rgng Q@ert@nﬁ'@k@dt lxrﬁﬁéfm@é\tﬁét i impB9asalie esidé hen biedsyici ng the
anount of evaporative cooling i eved due to an 15 inadequate supply of

cooling Iiquid Llsﬁde@apﬂ?ﬁaﬁjé’ %ﬁdﬁ)'ﬁtﬁ & thee treatment omaynheongistk of ayer
material, the \/ n 10,

| eavi ng sone a% g(@ th@%atbf@@?ﬂ%&wél& Iggéndn%?%rééclp ggﬁ’sbgérs?mzﬁe'tém%

Wi t houti@enough dnbﬂmr(kdb@tarm‘efsmmaﬁ aglagiicrfam amequivalenealke Iwn@hlalyer/el s of

Conei der abl y moFacERt EERE UPBRANG. Dark] Put POINGROBY ISR WA g
oS g S s B e o
may in cross- deattheramesendl water shawedthroaigheplate 6 ko drynsidieghisssoali on | ower
than 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
impermeable 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 alsd receive its cooling liquid from a feeder wick,
as will 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

ot her facwores/o4®Bitat e 6 nay al so be equi pped with a "strea®mCTaiSers480%
danper” (not shown), allow ng selection of only the col dest gas streans
from 30 the dry side of plate 6 (i.e. ifxse also it may include danper to
sel ect sonme hum d working gas to add hum' dity to the envi ronrrent to the

center of the . o rjti _ EIC e Oné)tfucsf c. ate WO
03/ 049844 PCT/ 8 § | B g o ast
streans to be lp%eld)réttdnscméy e, pa@s@g@ |§ﬂicH)les mid:w:bepom fdtlwv ttl$arDrOVI ded;
use of a larger selection of the gas streans provides a |arger gas flow

Al 'so the danpePet@yatiafe| ect humi d working gas for use in hunidifying an
environment. 5 Figurgdd s héagamaggg§ﬂg %lcgﬁ?r specid Vi ap,qgv'%ﬁperrat iC
od me

representation of a second e nment nt of the nvention. In
t hi s enjodi rrenta,ccptmllalo@] biasxqess fveatat,i amforl tb allcmng lower edgdefmpdateed t han

down th 1 ddl e, t ' t I id t
Channel's 3 and @ SR SopaceRiBer sbReY Sotencaniing fidesua” e wrael bat
they may be ot fﬂééerR/WEﬁIhefetgumée@lckﬁfg nﬁt%él%é&bc@*té%@%e\ﬂet saMe! gui de

8 al so serves to prevent ases off of ©One edge of plate 6. Wrking
gas stream 2 flsuwpll¢d1 withh &naling Alguwr ocﬂmkespmgathelslbpevxgwtm leMafmeed 3. Gas

stream 2, the _worki.n as, thr gh tions~1l to cha nel 5 (not
Sieale 10 abRreeg o1 8l SHIBoBREIAER CBT0 b TRREL > |
plate Goas gasrarispRalivrR-of Hidlid eactoss vaett Bidee 1di Eeflﬁid@ﬁédi Pack peotd ve and
schematic representation of a third enbodi nent of the invention, show ng

the gas flow gititienineAt orratenhanglesf slepasthe maxinavm wiskinguheight ¢fan air
20 stream wi thwat ar., %Puﬁ@ul?l O R14th %‘F‘i’h%g‘f’eﬁ@sf%l e the

gas steans may beé re g e as arr reans, and t cooling 'liquid
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
ai r bei ngwbrosiogist4 i n fromthe atnosphere, i.e. the out do®CTAISN2/848025 ot her
source of environmental air. This reduces the heat required to warmthe
fresh air. The present invention also al{gaws the addition of humdity to
the fresh air, thus addressing another wi nter problem cold outside air

t hat has conde nmi r hum dity
or extrenely d%%f\éa%lt'r%t ?Xéf%@ﬂbt@ﬂ?tﬁeﬁﬁéﬁssﬁr eﬁzsl fb g‘gwﬁ‘ga?ﬁg&dﬁéﬁgt ure on
the inside redécsmaliet buf celdbr gas flolaisgasvideth usbef aldargedselediitn bEycl e
selection” as to which streamof air is exhausted 0%039844

PCT/ US02/ 39808 the A#s; siredns RN SRR darogh @arniiom: g/ggg ABVPEpARA t 0 be

condi tioned, i f T4 ' : §e ' nt. In
Fogure o Pl at SeIEHHERH AR R TESLEnBRIAN oh S aAeRe -
perforati ons 11. A rFigtreafdlisexitheea Himensidnali peksgpestiee @ndssetiematic st r eans.

Meanwhi l e, fresh air enters _and flows throu rforation 11. in the
tWo previous eﬁﬁB@Sﬁ'@%ﬁt@nhé}feasﬁsm‘?p‘?'gb8d'én tg’?a@e _tl?fpgf‘tl@fcﬁz%ge_r to
renove heat by jgitlient | PNthid BMbAIMERt PRIt B ha9 peffovatRindel Palony oves si de

10, air stream2 fl ows throg{g?h channels on the wet side (not visible) and

other paral | el sideamahies thaecdown e biddlescandatthe pravisvsdembpraimertid
radiation) and nﬁeﬂ%qnéé%? %}gaggr&%dn%@s 3 LA yet lrg'rt]@Et bodffhert d€. 10

may have a wic ussed previously, e construction of
pl ate 610 egar dichanngegnielabi8 atey ribspberthal snay beadtirentypesf efeglddesy aks,
channel guides, corrugations, perforatiops tream sel ecti on PamF))grs, etc,

may al so 15 be PA8VigHBlidisalspedi Lehanngh gujde $_m?%o RANREMO RIRWIYION PEady used
LD encrs, "W - SSEREN.ST AORETURE bl Wil SRRty R i) o
swi t ch bet ween chiaenebd| prapun ctreaand fidves waichiangélhdum @as$ istraaimof, the
working gas, flows through perforations 11 to channel 5 (not visible),
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
ai r whi chwpase®ems4only across the dry side 9 or the air wrCThuSpza3%eE acr 0SS
both dry side 9 and wet side 10. The danper may al so provide different
sources for the air streans 1 and 2, asogll 25 be obvious to those
skilled in the art. Figure 3 is a partially three dinensional perspective

and schematic [.Qn i of. t he

i nvention in artu(g ggésgﬁﬁ(?%ehgwaﬁ% V{rﬂ% gggwfﬁyw@\%ﬁ%%@ﬁmggﬁ‘%‘gw&ﬁ |rss used

for cooling, aadehturofentdoaivnegts haviggthisar@agementhe context of 30 use.

In this enbodi nent, one gas streamis air, froma ¢ ngiti oned . space. Since
et S oUides

t Eat air f &equent |y IRfriguie Hais ¢ has danaideid 8, chamnel dryer

t han out si de aigr pce%j d | ' | )

PCT/ USO2/ 308085 234 profﬁ%ﬁ?ﬂb%ﬁ%%gmag%fﬁg%F ?ﬁgagﬁéﬁié?%%?ﬁ@
evapor atsi ve cogtreanst Mehawhilggefrestioair 2 ediare enddlavyotiaougle pedoratiorpl at e 6

nunber od 11 1 on e o EhiTeHed) PP obpalmBRs e PRI PP S SR ERIed by a
desi ccation m%ﬁﬁ?’a%%@ggnéé‘rtﬁf ORI A8ASh B cOdUidiBndromSaidStredthOMidig acr oss

plate 6 on the _ It transfers heat to plate 6, energing cool er but
wi t hout added dnysidti 9y.Oniwetesidegkl dir sireamnd iffowsnibaowginebaraelaonwor ki ng

. e ) reesise g . _ !
channel 4. wheti et i et hBier hd SlerHaRROtACREEMISREND, | 0,
before 4t passwat hyiaUBHn@edtiopr ahtorslidtibn) MM thueniditarmiel evaporatienyet si de.

On the wet side of plate 6, air stream2 is cool ed by  evaporation and
si mul t aneousl y fiose| wehisides 1. by Weie sidlgnd Oagiayohavepat wick patagdalesdel | ed as

L1 SLreams 2 chiyREs) CEARIQUNEClndS VRN, S T OcaBlty
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 js 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 flow 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



recharged, that is, nust have the water it has absorbed fromair streaml
renoved. This is acconplished by reactivation air 27, which flows through
ai r heat ewO28/0lpsfior e ent eri ng desi ccant wheel 25. The 20 CghuSvhzsgses at ur e
of reactivation air 27 renoves fromthe desiccant humdity absorbed from
air stream 1. An additional heat exchanggrt may be used to transfer heat

fromair stream1l1, after it has been heated and dried by flow ng through

desi ccant Y\heelp.rgfﬁagfyobe {1338 tﬂ \gﬁkﬁi%@gamqﬁftﬂéee\épp %R/@t@do ébofreats it,

this techni que™i Khown wever e appr ecr at ed that

nei ther the pties#ivientiohodi rrent nor the presently preferred enbodi nents

descri bed bel ow use such an addltlonal% t exchanger, as the é)resent
it

i nvention provi des KNGS SYRPPIGLIN¥ACOP & gomeH e%@“?'ﬂ?ﬁ'rﬂ”'d
tenperat ur es, r%ﬁtgf/ g?ﬁgiattlbﬂgmcoh@&fveyﬁnﬁ’%‘?éd alqdforoi‘,‘ veﬁ‘ﬁané@ percent

to the cost of syste lgure 4 1s a parti al hr ee
di mensi énal perD_rpqm‘oduet ainc$treaohématpmvideﬂrle;sandemcmtlomrrWhael %amqoat h of a

fifth enbodi ment  of the 3/ 049844 P 02/ 39808 nve n show ng
the gas flow weBESHNAREEE OFnheLdry ‘gg 'ngéacﬁr?%i)éf‘?h lfyeams and

further show n%udéﬁen %ﬁsfe'ré’\l*{e'af‘té %tec@“érﬁét’glﬁé dé)%%r But wumcmteam%a ment of
the invention, air froma conditioned space iS cooled again and returned

as the product humidiy. SAThemergasyfom mndltmedngpaﬂe @dergyWariNG @i t i onal

oo o o oral 1 oyUEAT g, vl PRIE® M bl oV ARe0Rr apast iR e PEam 1
energegof rom @eahaeR™, Wheed ESamhomnemglsgmvweathm iatesiadebyof pl ate

6 in 10 channel s, where it transfers heat to plate 6 by conduction, Air
stream | is t@ﬁdpa@%aef%edbnm%mg@wé@‘omoaﬁoﬂwﬁﬁt’thmqh@nne'

recircul ated to gles\ceapt. ietle Gt sidPoNshiedl! 47 3tB8H S98ESoAtY N9 ai r

stream 2 from product
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



air stream1 after desiccant wheel 25. It passes through channel, 15 where
it rejects heat to plate 6 and flows through perforations 11 to the wet

si de of twe oploadse4 As in previous enbodi ments, wet channelPCTaSOna#80%/i si bl e,
but arrows indicating working air streans show that there nmay be a
plurality of wet side channels. At thisobine, working air streans 2 absorb
heat fromplate 6 by evaporation, radiation and 20 conduction, cooling

plate 6. Figur ﬁgﬁ’ﬂé‘“ %1'? ‘@?@ g{g e@on g@nwh%ﬂahhé)qwmgd 73 L%Jég wihhenmati ¢

representation ning t enments of  the 1nvention,

showi ng dry si ﬁébl@ﬁﬁatfnlgoyasV&tbamsd@r@a&lereW\shmMngutjie gebaftovelin thet shown
but present on the obverse SI de, addi ti onal er]‘ora{ I ons, &nd addi ti onal

channel gui desComkext ©ff Ug@ir elry th@ ﬁ”tbtogﬁ'@emsé’ tthgnivepiieny air ¥Pguse 5,
h fl
showi ng gas 83%8’905@? s@%&gﬁé ;&r%gcﬁﬁsélﬂfﬁ%d rétu woréé tﬁég)hrBH&’é’cLlﬂld gas

streans, working gas S channel s Ing channel's, wet side
channel §, wi ck Thimatezultalin acaximedf energe and ddgitiingd coeldtg ef the, prpducior at i ons,
bl ock, and 30 feeder wi ck holes. In use, working gas or product fluid

streans respectafr\ﬁzre@rﬁl ow into channels 4 and 3, transferring heat to the

heat exchanger wi theihte\V@ Wsoéﬁgﬂﬁelpgﬁ{d%()?éh%?\%%% ard AnpluealRe bn

hum dity. Wbrking gas stream fl ows t hrough perforatlons into wet side
channel s 5. Fi gerforationendol@ctively nirabewdapdr adirveirearvol emewesr freds a

plurality of plates r r i gure 5,
two and three 8?3@8@'(1 W&?P@ﬁebgtﬁg Fﬂ%‘%;@ﬂ%ggﬂ@é’?% é(;gwl @Qﬁeot% Imted to
this ranpge figehandéls; wheee Rlteirefergicabeo plate énvy camdudtiont hair stream of

havi ng channel s on bot h sides cooperating wth perforatjons, 1 %o al | ow

gas streans tolfisdhenmassgd torongtioned, Sp%@l%aBGrﬁY@é‘@éﬁ WrregliewWated s havi ng
a poor | ateral te and being inperneable on one side, with
- I AEbickEf by 2%

dry sides oppo er across the plate spaci ng and wet sides
opposi ng. The pl at eChdnnel 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 plate 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 flow 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 channels 4 and 3, transferring heat to the heat exchanger without



the invention may al so be di nensioned and configured to enbody the

I nvention wi thout being identical. The plates are aligned in parallel and
have | i keweoiodegosiaci ng. In this application, "like sides fragiusg?/3ospefers to
the fact that wet sides face the wet sides of other plates 15 while dry
sides face other plates. It does not rehar to the placenent of

perforations 11, which will be discussed further below In wet side

channels, air streamre .0 cooler 6
by the machanl Q}Féeﬁ%tﬂ @ﬁ@@ﬁ'dmrfﬂbgodgs gﬁ?%%%aflo%is tﬁéuéﬁﬁ%‘?@?&ﬁ nesr ki ng gas
stream 2 is it sfpbfwel sideoshathely 5. t$@tﬂe§aus%mge &@h@aﬁtndtee\xérpbrattvbe of the
pl ates of the evalporatlve cool er resulting in further

C(ﬁ0| i ng act i oncpYler KeNPsispe @ BW@'H&% of |Ptﬁﬁ@$|t(tih6r¢hr%ﬁtalgéﬁ‘mﬁé"eﬁl&‘éﬂ’e%rI i er,
t he tr t f
gas s ea”@h%yorpgﬁgﬁtee% o q?lﬁz‘;gtqeé' é‘ce?%@:{uﬁé fu t Ourftﬁﬁ%’ér#gff; or

service either “as produ
Thus, bbock 12ptstes dstrivt Iﬁnde&&oommmatnlgelf@m T@quﬂ'hiengladaé nody dig st ream

2tof|owthrou h rforatlons toth vvet Sld hannel s. Under

di fferent condit EB I” Bothe $ense P hayipg £hadngls, o ﬁ] @@é&%er%tm the end
of channel 4 by, &Jgtl%s 1Rl fbcguowggarseﬁt&é Q@o'ﬂ'&watt%ﬁ h e Bﬁ?ét\égﬁ of
slightly less cool t air, or int ternative, air stream

| may be di vertaedtg)composdx@@f:mat(eriabt h@ongla)pomf Iaaeenal heabaﬁn&fematﬂt was
furthest fromth center of éﬁ oratlve t hus rﬁéelv d the

| east cool i ng) @NPnRRINI JMP&ITEAG S, 08\ ¥g é |df'¥/ Snc?eSsPPBﬂ’f'
productipai r.  Opfgar LESHRABBAS sPADI h@%@@ﬁ@ﬁﬁ@es oBfosihbe g plegss f)f)r t he

construction of the invention are al so as described earlier. Thus, air
streanms in thi $hedventoy mapalsodadisnensiongs apdsonfiguresriorambodthess one

2T ehne ) IOPhoS BER e al AL SR BT L1
are facing, thend hagd nm@rmdéb Ol‘étcb@t wdrnthishapplidations “tke tdddesvétcingties. In
enbodi nents having nore th
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 vyill 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 seals the end
25 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 or blocked
30 (that portion of air stream 1 which was furthest frém the center of
evaporative cooler 6 and thus received the least cooling), thus

producing a smaller quantity of slightly cooler product air. Other



pl ates, air streans will first flow between the dry sides of two plates,
then will flow through one or both plates and enter wet channels, in 10

whi ch t hesvowslohosiid ow acr oss one of the two previous plat e®Charso/busos r ever se
side) and the wet side of a third plate. In one enbodi nent feeder w cks may
pass through feeder wick holes 23 in orgler to supply water to w ck
material 7, and will be discussed with reference to figures 8 and 9. 15

of “the i nvent i aenael BB EREBRIBR b Bl BN ate R Beor iRy ae

vi ewed from t wagdiidf erent angl es. Indirect evaporative cooler 14 is built
up in approximately a box  shape, although this shape may be optimzed to
suit conditions, as s, A fERMenBwihis rAsseankly tflova hatweanitp plates at es 6

e o e e R Bt B P e

al t hough for the sake o ese

]Pl ate 6.5 Pl at e$idiijsafe&ingaltpgnehie iair Slﬁe(fjaih&t ﬁbmb‘%tmgeh%b?@o%la?sl d)lk@neﬁ i deg
acing, so wet sides 10 ace t sides, 10 and dry sides 9 face other dry
sides 9. 25 |t drg si@PatittRgeisIqes preortns, Hv%?@tléamﬁ (W detween &t i ons™ 11

do not |ine up fgisecthinbag ‘ r i | ha t
I nstead, in thﬁ%&gféﬂr‘ rtg% @Eg%é(?én}bgnﬂg %ﬁf@gﬂ?ﬁt\/seﬁta?ﬁﬁ, ﬁg@%f@%gtﬁ@]s 11
are of fset fromplates, perstmams wilkfist flow békvesaxtheptint sidés oftiwe plaless to

reduce the pressure .drop across the evaporative cooler 14, thus 30 reducing
the energy reqiﬁ?%éf‘"ﬁfo _ rﬂ%@i‘ @é;'eaWd_b? pplg’il%q ﬁage‘?'?t?(:?”_@ﬁ@{?.a”“?'ﬁv hdition
this crgates bejHieh tHep Wil oW ARrdds 8he oMtHBvE\HBADALI plStesCANRE S WO
03/ 049844 PCT/ US02/ 39808 -25 Cool er 14 also has water reservoir 17, punp
15, and feeder reversRsided.angatherwet side péadhisd pfatem wat er reservoir 17 by

b 15, 200 1o kbl Tedr ke REY G455 ML T lf Lo
holes 23 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 eVaporaﬁVe 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 evaporative
channel 5.



5 Al though spacing of the plates may be any anount for sonme gases or
fluids, spacing of plates 6 is inportant to efficient use of the

i nvent i ormwoloB/o#dse4 spaci ng i s properly sel ected, pressure @Casot/34she gas
streans passing through the invention is greatly reduced, providing either
greater flow or the ability to use smallgy or fewer fans or 10 bI owers.

Experiment has shown that an inter-planer spacing of 1.5 to

mllimeters is pref -} C ge 50 to
1.85 mllinmeters, W%F 15 %Ig 31?% ?rwtess%hg) H?ai’g' 3§ %dl {qeﬁé{ers and
3.10 and 3.50 Wijbkd f’lBt eV\ﬁates 7ner enid\eidefrem waterissBAir PRibyOpl@pnts by any
particul ar theories Is believed that at 15 these spaci ngs, standing

waves are set @gﬁ\%ﬁ% to f@gder wigks ddri Agresenoir refil [ine & aldews waters al so
possi bl e that mﬁ%gg&sﬁ% 75{661% Bgﬁhnuc{dﬁ)bllélﬁg@& or %’fﬂl’ehaa@ §&djrdd, oW 1S

di scour aged, SO serve rag and pressure drop in this
particuls@r process. Almmmhomcmgsmaheg:lm; meyrtm ahqi amduityfos epaneat e

channel  qui des GBS0 ISP aSBUbPbOPHETS 1 BUDORaRoRr QOUEPOHES Of W at o 6, -
cnannel gul des r ate
or by ot her - oo oo by 1S opRAPELRRIAY ASSHAKICRED B kot er [ 2l

covering at least a portion of t e outside of th . Holes through 25
t he tube al | owsiibers passingi Mnrmll!gh ttmfbm\temtlpaalsl“gr&aﬂyweduc% provilingr wi ck

material, which,,s in c ﬁ ta W?it k materi t sngdes 10.
Vater 7 flows ﬁfbeuﬁrsaﬁq{ A ﬂrl & ahjlity 1o é'%x?@ﬁ 8’% % e'i"er PRI . From
there ifg My tmé\ﬁé@ rExﬁérﬁﬁéhPﬁaéﬁ’sﬁbwﬂ&h@tr aintef- ﬂlah@r sbé@iﬁgrof\’ﬂ Goto the
wick material 7 of wet sides 10 and so across suc portion of wet side

10 as i s cover &db byillitneterass gyretarable, pnsdapacing uwmgthh@aauu-r@m@r ofchannel s
R I L Ly e g I O ATHE e e
t hrough perf or ghillphstetsl and o3yt sndle3.50 milimeters is more preferable.
Without being bound by any particular theories, it is believed that at
15 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 elements (not
20 shown) or may advantageously be provided by the channel guides 8,
which may be provided ribs or corrugations of plate 6, 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 7 within the tube to reach and wet the exterior
wick material, which is in contact with the wick material on wet sides
10. Water 7 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
30 portion of wet side 10 as is covered by wick material 7.
Product fluid stream 1 enters channels 3, while working air
stream 2 enters channels 4, both on the dry sides 10 of plates 6.



channel s 5, functioning as previously described cooling plates 6. Note
that for the sake of clarity, only four working air streans are shown
exiting twWeosowises 14 and only one entering it, but therepPcaysShp3®Boany
nunber, and they may (and in this preferred enbodi nent do) exit from both
sides of cool er 14. Channel guides servegeveral functions. In addition to
separating air streans | and 2, they act to subdivide air streans | and 2

creating channdlSogTaiE b8 pAERER THHSGorf hidiabrnd 1 e\t )Y ot o5 6.
help to i nSUrecﬁbﬂﬁdlsng wanetlddmgvauf dr@ﬁbnay fiésombedt Bosline Biatesys! he
pressure drop across the devi ce, and he I nsul ate the parall el

subdi vi si ons ofNaierthat fenthe Isalﬁ‘ﬁcPfZClaf'Wué)nhpfWeWPﬂﬂ@g piF gireamshateg

transfer. Fi naI S ers to
support the stallaé %aﬂg%ar a(fB&iE ﬁgghm%ﬁég%e@sn ddtgﬁ%’t’%ﬁ’lag@%bock 12
(visibl®&in fi @mlyewrﬁbemdma)thpyelvan(md/\mrthlmpreéénecﬂefnhmmmbaadmh@qt he

devi ce vi a channel %APh thus _forci qgf it to flow through we channel s 5.
Stated differ edfAy boffh@idga Oof 6P0le5*wet channel's 5 wil | 20 al ways be

downstream of the pPeidLiiaf @%es%eﬁieats%%%le‘fur%i%/dl vl h &4dismaid ve

enbodi nents, sone product arr may al so be bl ocke erted or sone working
air allowed tosleea\:dlr@salpr&brmm:s 4i and 12, they actidmsabdivide miFgstreamertt s and

condi ti ons. u | scussed anDunt of ol.ing. which air
25 stream 2 un&&d éegurﬁ]% (iilﬁu%aqr?am «Qf% 8nwr§@r£0cﬁ§%ﬁ h?n Wpt?rat I ons
and chagnel si 1r||\n=£ht|oA| WeatihdlicharRsRIhaviayi essiel proectmairet lr@éarofhe plate 6
provides poor lateral heat transfer, thus in turn providing a tenperature

di fferential orcegteiddfcpletash.chelpito la&ur@s%tapwageﬂl@ve tawrerelemiran Bewi on
damper's (ot Shaye)refpATHRNASGANS Hrdie ARRL e SRAEL 3 LN the

subdi vi sions of air € used conditt oni thu
allowing a gr eMs&nat@egh@ep@*allelo@ubdgnsxdsm oft fwrwtrsemsV\@ 05%0@8%3 ‘
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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 channels 4, thus forcing it to flow through wet
channels 5. Stated differently, the outlet for wet channels 5 will

20 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 air

25 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 laterally across plate 6. Channel
selection dampers (not}shown) may advantageously be used to select

30 which of the subdivisions of air streams 1 and/or 2 are used for
conditioning, thus allowing a greater degree of cooling than otherwise,



-27 as well as providing for flexible control of the output gas
tenperature, humdity and quantity. Fans or equival ent bl ower devices are
schemat i cablog/o498epr esent ed as 19 and 20, but the inventi omCrassubysest to
alternative 5 enbodiments of the fan arrangenent. For exanple, one fan as
forced draft may be used to provide botBworking and product air streans |
and 2. In addition, a forced draft fan has advantages over an induced

draft. Due to the apor at.i,ve prqce used ,b he device,, the parasitic
ot ndaog by eROVELAS HilGBE ARERR. R B O SUI R terin el Leed 1o
further evapor alemid®} 8hd quantityt hus the heat aids in its own renoval,

resulting inlittle difference to the tenperature of final product air
stream 1: A forced &east oaneguiyalands klpwet o dewigest hare wsekemgtieally and

but i de. dampor SR RRENTE, bl ot 200878 R Tt Rl MeRAAR" ) OOy

air enemnge at @nifcligenhtw ®ksfart werahgement! e Foe @xamsle] @nentire east Wo
drafts, while only one fan is required tg force both drafts. Stack 14 may
be encl osed i nfICREudiallymMayobeskirthio RIRYIER bofBuyPHNGrandr RFAdWsE 3 r ect and

control airfl ow..g5 ¢l 35 ‘?ﬁ‘%ﬁaﬁiio Q?Sfag:etrdhtt?rﬁzts%i%?ﬁsﬁd\éﬁ;néé%sr g@&j ce. The

housi ng may conprise inlets and outle 0 Ing air
streans, and aaddngeced draft.| Dwe tohke évapotative ppdcessr tisanby thebdevioaf r ol | ed.

F | e, the ..d ' [ first it . It th

cool er 10 oper 4% PAGHIGMEA adereak T o imaloRdmtieams, Tald oy

posi tiqgp, It ”%ﬁf;c?@nr;céﬁ&@é‘d i furiMir EREpofit8vebitht 2 hntPiHtisNBeddat BiPRCOM™ the
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product air. used In conjunction with recirculating air, as
descri bed aboite owrorgmovald eesultinigdinflititendifienencatqihe- iempearagreof What er air.

A 0Pt ous cEIRY TR OF | AGHHE pBFAEN el o8t i Y e U
corrugated pl aiwrskingndlr bheadridett 8k dhagnert gedordingftot fhe leat@® 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 may be enclosed in a housing (not shown), which
housing may further direct and control airflow, as well as enhancing
20 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 a second position, it may
25 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
may be used in conjunction with recirculating air streams, desiccant
30 wheels, corrugated plates, and treatment of the material of the plates,
perforations and other details.



perforations and other details. W 03/049844 PCT/US02/39808 -28 Note that
the indirect evaporative cooler of the invention may also acconplish both
di rect amwoi@igsect evaporative cooling of the product aiPCT4iSomagsnd. A
portion of the dry sides 9 nay be wetted, in a manner simlar to the w ck
materials used on wet sides 10 or in a Bgdifferent manner, so as to cause
further cooling of the product air stream This wet portion of the dry

si des may advant age : . t r: ' f the
dry sides, so that %ﬁ%%hgﬁtheglé\%ﬁrg%g%\@@%ﬁ%rgpﬁr?h@&gr')é?:’?%ecs/dag@br)gt i on
cool i ng processisd Becomplish Woth tdimsee ramiduingirett Eheppratide ctocting oft tream 1 i s
reduced as nmuch 10 as possible. One particul ar advanta of this ordering
is that bel ow PEpHG@Imgieany fssARalier st the diygides Prfﬂ'rag cvetied.0A dity
cause disprop ' e L QR Al LA e wth
standard psychgﬁrrée '%lprgélc "g‘re?g%?(r}nlachgpa{eérnalsﬁbﬁgg??r%djn{\/@egfg?ﬁseai@icg\ﬁﬁ%on, this
wet t ed porti on differehe mbnnesj desag dostduset ksthiehecdolingl ofl theo pradiic® iper cent

of the surface area of_th h . Fi 10 i th ' ' I
er Spoct Ive andteaniiie WeliodeBnphiie Ay Fidkty el atialabRary Bt he O
invention, showiigqdd@swndtt&matdné dr peFioN of e d@tﬁdes,%‘baﬂhgfgﬁbwﬁ) cooler 6

has dry sides, 'wet sides 10, product”air 20 stream 1 and working air
stream 2, chanmeingyuiuheidified dhatheel diregt apvaparationl oeelinghanaesss, stheas wel |
as water reservoir. 17, 1n this odi t.. there | nee wat er
punp or feeder SENEP. t%'@e%@%léret?ﬁﬁ% @Q%@F ﬁ&gaﬁ} Ha%?ggﬁl%gda%gﬁlf%’ directly
pl aced 4ign wat efzs hESEH5IE0I Ond partiyigy Btvaritage Wfdthiy ofdering iBltabebeliv cool er 6
is limted to 25 the maxi mum w cKki ng:hel ght of the w cking material unless

the plates ar @pprofwaielySydagresed . emodest inGiaaeds dn opeMiglityocasows nore

efficient w ckig I i i | i ndi.ract

evaporative coé{"| Oégﬁlﬁﬁg{gl)%g%%@bn?ﬁvﬁ zﬁngggagé%%éﬁsgéﬁoﬁgﬁﬁlv@ﬂgne
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, wet sides 10, product air

20 stream 1 and working air stream 2, channel guides 8, 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



side of the plates. 30 In Figure 8, the two wi ngs of the cores extend out
and upward fromthe center. In the center, as depicted is a feeder w ck

pl at e t hawow®o@B4049844 PCT/ US02/ 39808 -29 communi cat es Ipicquisd2/sesesi f or
the evaporative cooling in the wet channels to the wick material |ayers of
the core. In Figure 8, the wi ngs are anglged upward, between approxi mately
O degrees and +10 degrees. An alternate is illustrated 5 in Figure 11,

where the w ng X dy: t er, : i thi e

approximate ra 8&“@?3@8{9&Il@ﬁ&g&g%égjrggggﬂkog-si@&%g%r%cgds“.ﬁ&TWettE%P\g%{]i on of

upwar d or downwhafanelsdpiting wickigaterdl layelrs of tHencdrede a sel ection of wick

material in the wet surfaces of the layers, 10 ﬁo t hat tge L]i quid mgrates
ac

over the entire surfBcdigfres i vihek WiOsriale angledcdinyar elyefe. The

advant age of t ﬁﬂm ' QU ' |1y reach
t he edges due [ég)p é %ggs#égg?%?ngﬁq g\@/ﬁéﬁs. %ﬂia‘gbt\r}a}t?rig:ﬂ@slfr%%e
reducti &n in t lre Figuakel huvheteutheoningbare doeted Hawnwabd dim doe centert h

| i qui ds that haye m.per content. The adde Si st e, of gravity (or
downwar d sl opi ﬁ!ﬁ%%@@@ ati|h§ apREXIMate, rarge %og‘épﬁeﬁﬁgﬁ d@grf:%e%w ngs to be
wet t ed fromth@eg%gser feeder wick and it will be acconplished faster. The

potential of excéss water being collected at the outer 20 edges of the
wi ngs in a downwar d Tdeopelegtianioé upveard e dowgwatd glaping véngsuwill alse m Al so

G m i shes.t he TRHgRe RO PR muIE T 3RS fueyf el bRy

excess fgater, tsb&hé&ﬂi@ﬁ@iﬂ&ﬁigfétéé over thieentfirrysurface of theewicksaatepiapus t han
the feeder wi ck. 25 The upward angled wi ngs, Figure 8, wll not have the

excess water 6&Yrfeeetf@gcarlatie edges of the layers. The nore likely issue
'S 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 thé 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 collecting 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



not enough water reached the outer edges, resulting in |ost cooling
potential and the build up of mnerals at the dry edges. The enbodi nents of
t he f eedewowsokospd at es 13, shown in 30 Figures 12, 13, amdTizs02/39308
refinements of a solid feeder wick plate. The purpose of the channels or
grooves 50, Figure 12, the holes 51, Figure 13, or the sandw ch, Figure
14, all are to enabl e quicker WD 03/049844 PCT/ US02/ 39808 -30 novenent of

liquid fromthe to e liguid i,s iintroduced to the feeder, w,ck plate,
to the bottom Dvarnetl fbRaliliion et RECES fab s mdtErrizo g « or na o
met hods to accesaddrsRickhslatl, 3bthBWdtdim @ind thiBYmbRE GURRIY RES iR cBteced

along the sides of the feeder wick. 5 The channels, hol és and nore porous

cprE of I these wigthoertesak s Aliernatal ﬂnﬁwq(isq?i dC@Qmﬁ’dﬁ)"ethﬂh_tddﬁi@lF!&m gh:b Leeder
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the feeder wi ck platfhe aghdrrets,Whdies abh@wrhbe | poroug toore 1@ft dgesmsi |y

pass through these passageways before wetting the feeder w ck. Figure 15
i | lustrates a &8tbasgimesie Wibaliowhdavid: tp Qe tugheuidiag faegerc aiek

sections. This r : H#ﬁ&-' | un. £ he canalized air
streans into dip?ggﬁg'g@é%ﬁfgfs Il?ﬂ{bﬁ?l{lﬁ?&ﬁ?éﬂa;ﬁgaggggt he build up of
boundary | ayers in f(ihe cienmeds,holedioclcorey maymat etténd iairdf theavay tansf er .

Wiere the chanpel |l .or the velocity is | he fluid tends to b
| am nar 11 ole PALDRL ShGumARRYer Wish ete g s WD Al the taiid By ' ° 7°

channelp the NGss obEANBAES 1rdlehiifiosd GaBlaqelits BaURTARHGAEITobACr! | 2t

the entrance of the ate an rows 20 to'so steady stat'e anbunt with in
the first few miclhes. Therefore the heat transfer rate is significantly

greater at the entrance tg.a channpel .and reduces. exponentially-to sone
smal | er steady stat lglgﬁnﬁﬁt Ws’[rates 8%set?0F dore “S&ctions PRIR "5 dap 55

between adjacent sections. This gap performs a function of breaking
up the canalized air streams into discrete segments. This in turn
15 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
lower. This boundary layer is nil at the entrance of the plate and grows
20 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.
An embodiment of the reservoir system is shown in Figure 16
25 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
lower reservoir 61.
30 A float valve 62 relies upon the level in the lower reservoir to
activate the supply valve 63 for the upper reservoir.



An enbodi ment of the reservoir systemis shown in Figure 16 25 and in
Figure 17 in conjunction with the cores and feeder wick plates. The top
reservoi rwo®3foemds |iquid to the feeder wick plate. The t ®QTrESems9808r i S
fed by a valve and piping with the appropriate liquid. As the reservoir
feeds the feeder wi ck, excess liquid pagses to the Iower reservoir 61. 30
A float valve 62 relies upon the level in the lower reservoir to activate

37 Ae"The vk taide ool OB ARG ok RafbiaRofide ety 7l e

core, the uppekorestaevgpert@sessoited e edpldtéd.t hetireress moe evapsrats e t han
excess liquid draining intqQ the |ower reservoir 61, the float 62 will be

lower. As it gdi@n pyeRSs Hquiddraipiicelata the lowshregsenipi 816t Boalel Wite 5
liquid to the esernvg) : fhifui d fed
to the feeder #@E\WGBI %[%ely%t,rs lﬁ%&sgﬁﬁ?g{gﬁ%gr’%ﬁg\%g%&a@éegﬁgé%ggerglsnh—%ol | ects
in the Bottom ligeisleovibe upper rederedir 68i sed the float and in turn cuts off
the supply valve tqg the upper reservoir. This syst es. . require a

conti nual 10" bl eedi 5 B1OrS GRS any GiesReHBLId 1pd dedne ePast Hick hat i
can sense 1 he oiRbors GRORY it EAIF opbiam, thblecBLeRdickiiin tié pRiBA| PS Lo
prevent mnmineral concentration. In this way the evaporation rate determ nes

t he need to addesarvoidiGf,nwbicht taised dhe dioad andeinf drdecutai afk tbersaipphs Added

features woul d ipclude an over flow drai.n 64, cold turn. off ar%d drain
system 65 A THBNEoG Tt HBRSEesridls  FuS sty astes [4biireqa L] eser voi r

i n any qgonmonl y|&ddifg etofSWater Tom thd BbRoABrdsehiit Swrdtethat faddirsepsddodi ment
of the heat exchanger plate, a Type I_Tgl ate 70, with a trough 72 on the

bottom 20 andthke entgring dhe systeme  Thisebleed siiain gpahelvsier prevant ons 11
for gas flow Zn?iﬁgra?%ﬁj;&?tréttb%.f-orrmd trough. The trough 72 is used to

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 illustrates 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 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



hold and to distribute the liquid 1 used on the wet sides of the plate. In
the Type | plate the wet side 10 is viewable. Wth the w ck acting

mat eri al wWoma/osdsus surface and the surface of the trough tPRaAIUSNE398BS
viewable. The liquid perforations 73 in the trough area are for the liquid
to pass through to the next |ayer. he wet side wick material 7 is on
the upper side, the liquid perforatlons 3 are on the sides of the t rough

72. This all ows eserv r 74 of. uid to at th | ayer, 30 to
iowthe 11 ourtid FREOhhE shdsRids, Bedmife PEydERE fBhro il Dty *, 12
liquid perfOfatsUBﬁﬁar@@d hﬁtﬁ&réﬁbﬁ&iﬁ?ﬂ'l $d athhu@Stﬁé\Wibk n?é'teWal Ye upto
this level. For the next layer up (o ype plates 71) with its WO

03/ 049844 PCT/ Usgdagesndl bes‘gdvﬁﬂ@kweﬁmrllw i dhigeresea®ir Yhe BPH | ar

trough 72 form r 74 liquid and
thus, the w ck°ﬁ'8%’§'ﬂ1?%’r’&?f"wa%ﬁ({‘("é g{/%rlwq ng{eﬁw? éﬁé é)r{/él{l ng liquid
fromthiss reservoir Omtthdotdh sideptives ivogking tgasucHaatets Wédgl@%wamemé quid
fromthis one reservoir. 5 On the wet m&e t he wor ki ng gas channels 4 angle

toward the outoé'itere‘é@%? as in H"Q REnest erEPOLIMRIUS ABAk @CQW§ Werking, 838 ki ng gas
2 fromthe dry, Ciﬁe%frf/ @é’@htrt?ﬁ%ﬂ S%‘%'{sh c%l%r‘a%ﬁs 1y 38 ih rihérlﬁhé’rt her

enbodi nent . The | ow o e wor s to distribute uid
outward on t he enttodimeat.ofThehfowl aft the Mrking'gqsequipsatt@silgtmbuitehmqoroduct

channel s 3 and,t he r ki channel e regat ed by channel guides 8.
The liquid peﬂ‘ﬂBﬁdaqquﬁEé]gﬁt'&?é"qtépﬁ%ﬁh rpﬁ?t%e bottom of the trough to

al low tge 1iquid thatTypen2IAte8n? 1 NBePbdbact BRANES 13 8RR Workiryn a
feeder tube 75 to drai'n down to the reservoir below in the next |ower

plate. 15 Whenchhenel at eareul sagregatetiathys, channal vgitides d8s oppesdiquido form
vorking, or et GSRNELE £ ¥ B R oS e B O B 2
wi Il cascade dgyniethdt 6Onkeedtdmdhé piRe¢BsdrvoR 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 or wet channels 4 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

20 illustrated in Figure 19.

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

25 working channels 4. 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



trough, the liquid in the wet channel reservoir 74. This flowis 20
illustrated in Figure 19. Figure 20 shows a nore conplete stack 14 with a
feeder tuwe 03d®suo distribute liquid | to the top trough. POW/usam3®ngls, as
in Figure 8 is a barrier 12 to seal the working gas passage 4 so as to
direct the working gas 2 through the gas, perforation 11 into the adjoining
wet 25 wor ki ng channel s 4 The product C annels 3, as in Flgure 18 are

Frours 2 is. dhetiu el diicsg e thatost reteiol o, aktiCiedoodyng t he
trough 72 wthtﬁmOhﬁ@ﬂ@rowboeﬁqdéupwe«awe ebﬁtgtsﬁ@pw%d?@q’ quitPicthet, m ddl e
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61. If g is twtﬁéMet émn@ww@}dp@mmﬁaﬁmhﬁwglﬂﬁl@lﬂbwv@ﬁnb{tucﬁa/rﬁéh suppl 'y
nmore liquid to the agh ! Heeder tubes 75. Conversely, bottom
e Iig

reservoir 61 i dNiniggize il e wetwta the betaey rasepar 63. Ahepabls The

usage of the Ii h I r 0 t he
flow of |iqui ds\%Hl @?ﬁ %H%Sm&f\ggé?%}%%e? %qgetlg%l g?%é%‘%ﬁ
reservoir 61. VWere liduic. S&ntsumt'.i@oomddw plabbé i oves charfieldadresitdatde | ow
| evel and signals for nore uid. Sensors 7 d be placed in wet

channel s or at "pitagedack 4 HE '%ttwhlfﬁs@t”‘?'ﬁ ?I‘"O%W'}d@ﬁwg k¥ thosess
under stygod by tkh q’ls%?ﬁm%g abI e in the art. The use of plastic,
t her pq e

cellulose or o materials may not be suitable for the heat
transfer nenbranes ilihesosre ofipfasiicacélzse anhetherpdibbiegmataréals onaysheam ar e

OO Wt B SRS e S SRS SBbBSandt i SRR SRR oo o
stiff and wal | pheybr psitigéR%es 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.



such as tubes with the walls being the heat exchange surface. By
pre-condensing and cooling refrigerates, with indirect <cooling in cores
such as twe odiossshosed i nvention, efficiencies of |ess pres3urse2/3ses needed
to conpress the gaseous refrigerant during its 20 cycles can save heat
build up and power usage. The use of corgg as disclosed is nore efficient
and | ess costly than cooling tower and as such, capabl e of by

i ncor poration iﬁﬁékthmngential systens. The invention and the enbodi nments
descri bed herein are 5 susceptible to many equivalents, alterations and
additions without departing fromthe scope of the invention. This
description in no wa limts that scope, which is determ ned by the

foll owi ng cl ai ms. 03/ 0@98'@&9 Her/ 'E%ZP@Q@@HQG %Ki ipgiregtapNaparative p| at e
for heat exchanggpleifiad choMaPehadiy o R LBMPALIRL 1 east one fluid
ate c a) a dry srtde 0

stream the pl npri sing: avi ng w perneability to an
evaporative liquid; 5 b) & wetasidde wsideh hawinguldwacpenaeabiityantcevapor ati ve
liquid;, c) the dry side of the plate separated by first channels into two
sections, a mor%‘f%’@r%tﬂ‘feeléﬁH' ection and a product stream section with at

| east ong passageway thr opoh thquebldHe i id18urtfed sk ik b sAGREREE [ on Lo

al l ow the working gas on the dry side to transfer to wet' side of the
plate; d) a trdimgid;shape forned in a portion of the plate; and e) the

rouah porti on having LAl O AR S8R e el ShBae Ll T, Ut
direction ot hercHdimaid@itelthel sections, a working stream section and a product
stream section with at least one passageway through the plate in the
10 working stream section to allow the working gas on the dry side to
transfer to the wet side of the plate;
d) a trough shape formed in a portion of the plate;
and
e) the trough portion having liquid perforations.

2. The plate of claim 1, further comprising second channels
on the wet side of the plate oriented in a direction other than parallel
to the fluid flow on the dry side.

3. The plate of claim 2, wherein one or more first channels
are oriented at an angle to the one or more second channels,
whereby the direction of flow of fluids across the dry side of the plate
is substantially perpendicular to the direction of flow of gases across

5 the wet side of the plate.

4. The plate of claim 3, wherein the plate comprises a
material having a low rate of heat transfer, but with a thin cross-
section that allows heat to be readily transferred from the dry side to
the wet side, even with the low rate of heat transfer of the material.



to the fluid flowon the dry side. 3. The plate of claim2, wherein one or
nore first channels are oriented at an angle to the one or nore second
channel s,wowheushy the direction of flow of fluids acrossPcrasde/gvsss de of
the plate is substantially perpendicular to the direction of flow of gases
across 5 the wet side of the plate. 4. _3de plate of claim3, wherein the
plate conprises a material having a low rate of heat transfer, but with a

thin cross- secti ondéehat Phd &y@ﬁrﬁ&éa[ 1b%¥e§g®; {%e&ﬁé‘ﬂ%leé@&@a%P%[pht he dry

side to the wet si even ow'ra transfer o

materi al . WO 03ldv 88rbssRETEAsS@ne3EO 8f the3plate. The pl ate of claim 1, wherein
the channel aids |lamnar flow across at | east one side of the plate. 6.
The plate of claim1l, wherein the plate further conprises a plurality of

ribs extending paraldel tpnd B%t@'b\‘%ra‘imoﬂ vﬂ{erﬁﬁ‘ﬁthfe' ﬂ&t@ﬁ:ﬂ%ﬁcoﬁ%‘ﬁs@éate and
further wherein the ribs provide the channels. 7. | ate of claim1,

wherein the chanphirslityrof ripsositeleding paraled ta dlae ddfﬁstl@ii Of pes ffloat @cro8s The
pl ate of clai rei erfora the hapes bel ongi ng
to the group c&ﬁ?piw}le aifu'%?%p Iaerg%ﬁ-ﬁ rlgfsgBrr?é(l' nded corners. 9.

The plate of claiml, V\/nereln at | east a portion of the pI ate i.s oriented
so as to slope at an angle of from-10 to +10, degrees fromthe

hori zontal . 10. The Pl at eTi# plataiohctrin 1 Whelein §1g chanmgjs Are dseyidedr of
wat er, wherein fhe& he plate is in contact with the water.
A ol SRR <CHhe Bat . _ _

11. The plate Wher e e top side has the wick material and
the liquid perforations are on the sides of the trough near the top.

8. The plate of claim 1, wherein the perforation is one of
the shapes belonging to the group consisting of: round and polygonal

having rounded corners.

9. The plate of claim 1, wherein at least a portion of the
plate is oriented so as to slope at an angle of from -10 to +10 degrees

J

from the horizontal.

10. The plate of claim 9, further comprising a reservoir of
water, wherein the lowest edge of the plate is in contact with the

water.

11.  The plate of claim 1 wherein the top side has the wick
material and the liquid perforations are on the sides of the trough near

the top.

12.  The plate of claim 2 wherein the wick material is on the
bottom side and the liquid perforations are near the bottom of the

trough.

13.  Anindirect evaporative cooler comprising:



12. The plate of claim2 wherein the wick material is on the bottom side
and the liquid perforations are near the bottomof the trough. 13. An

i ndi rect woaposstd ve cool er conprising: W 03/049844 PCT/ B80A/S808B388 - 36 a)
a plate having dry and wet sides, the wet side being at |east partially
wet by an evaporative liquid, and furthegghaving two or nore first
channel s across the dry side of the plate and one or 5 nore second

channel s across the wet sifle o%)ﬁ,?&oﬂg@hﬁg% ngndw gir@%gg?ﬁd%f\%éé\é\éi?%ream and

a working gas stream separate W ng oss the er eby
transferring helagingat ledst pairéally, wef) bynap ayvapgmtiee ligoid) @egl fultkephatiagi n t he
area of the 10 vvorkir}g m on

I the d ide,. th ' flow
Chrough the pefPATIEER IFGHAMEIS o8 4o £ b Gieatiae aiftongrher
flow ng sacr Ossmﬁ?@sé%néggé’hné% abffsihé st lsidnsf @fespllg@?fanﬁo the working

gas stream on the wet si by direct evaporative cooling and thereby
cooling the 15 plate andb} he arvddust ffavowiream aodla wyrkjag gsisrsicgamf | owi ng

on the dry side; an a.tr h forned.i,n_a rti,on of the plate to hold
ond transter "t PR AT Heirtd S8R (R BRC b8 e BRlar e theidiiol” The
i ndi rect evaporeipigtecool er of Caim 13, further conprising: a) a second

pl ate having first and second sides, the first of a dry side and the
second side of the secondChl at@ Passageway guevaiithe plate ibihesgreaigbeat i ve

l'iquid, @and fur g ' r e fi y side
of the 1S(Zcond p\fvg éné;%\fe%%ebﬁfth%oq&Dsflgee,cior{]ez{/vg aﬁger%? '{se%g@?%g@?q ?1@%\5\1/@@ si de of
the second pl atihe padofatiohrigomahpadiyagigevay thbneetgsidehend étived fidveihg i n t he
area of the workin gﬁas i
across the wet side;
d) the plate transfers heat to the working gas stream
on the wet side by direct evaporative cooling and thereby cooling the
15 plate and the product flow and working gas streams flowing on the dry
side; and
e) a trough formed in a portion of the plate to hold

and transfer the evaporative liquid to the wet side of the plate.

14. The indirect evaporative cooler of Claim 13, further
comprising:

a) a second plate having first and second sides, the
first of a dry side and the second side of the second plate being
5 partially wet by an evaporative liquid, and further having two or more
first channels across the dry side of the second plate and one or more
second channels across the wet side of the second plate, and having
a passageway through the second plate in the area of the working gas

stream on the dry side;

10 b) aligned in parallel with the first plate, spaced
apart therefrom, and oriented so as to have wet sides of the first and
second plates opposing, and further wherein the working gas stream
from the dry side of both the first and second plate flow through to the



streamon the dry side; 10 b) aligned in parallel with the first plate,
spaced apart therefrom and oriented so as to have wet sides of the first
and secowo oploases opposi ng, and further wherein the workiPeg/upay3msns eam
fromthe dry side of both the first and second plate flow through to the WO
03/ 049844 PCT/ US02/ 39808 -37 space sepagating the plates on the wet sides
and the trough portions 15 are oriented and nested with each other; and c)

the product flug d@§é§‘éraﬁﬁ§@ﬁ§gﬁd?é’s of thEQEkiA8s ahB&nhd t q@rhdﬁ(?m% both the

first and secon pl at es I ndirect evaporative co aim 14,
wher ei N2 he spare eripriied wadmasted pithteeshicthehasdn to minini ze the pressure
drop of the gases flow n bet en t.he Eu@t es. 16. The indi rec} evaporative

cool er of claim 15, where © RIOJUPL VI RARsES 3%5essPAdds coglad phher

chosen to be beheasi) sidds @mbth?théﬂfgtlahur@cﬂna pldtes The indirect evaporative
cool er of claim16, 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

and 350 5 milimetbs, 180 PSS kippuafve Sl ofh s B 3E 12

wherei n at Iea@dacm@beme@gﬁwr)ldtéﬁ wehossacty Aigintzé $hé’fpfr§ﬁuré dpop t he
passageways throu%h t he aqt her ate. 19. The indirect evaporative cooler of
claim 14,  wher &9 gr@segrﬂo%ngé ehvaendhe Riateshe dry side are oriented at an
angle to one or nore channels on the wet side, whereby the direction of
flow of fluids across the dry sides of the plates is substantially

per pendi cul ar to thel6.5 dihedtdicct efapdrativefcoghsas aainp$s, whereletthsi de of
the plates. Zo'spg%?nd be {\Ar/eecn[ theevg’%?ersa?sl fy ?thce(r)% gger? fto(i)ea!)g’gwlgén .5eer1r%l n the

3.5 millimeters.

17.  The indirect evaporative cooler of claim 16, 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, 2.10 and 2.90 millimeters and 3.10 and 3.50

5 millimeters.

18.  The indirect evaporative cooler of claim 14, wherein at
least one passageway through each plate is offset from the
passageways through the other plate.

19.  The indirect evaporative cooler of claim 14, wherein one
or more channels on the dry side are oriented at an angle to one or
more channels on the wet side, whereby the direction of flow of fluids
across the dry sides of the plates is substantially perpendicular to the

5 direction of flow of gases across the wet side of the plates.

20.  The indirect evaporative cooler of claim 14, wherein the
product stream and the working stream are dehumidified prior to
flowing across the dry sides of the plates.



product stream and the working streamare dehum dified prior to flow ng
across the dry sides of the plates. WO 03/049844 PCT/US02/39808 -38 21.
The i ndi rwoto3evmpor ati ve cool er of claim 14, wherein at IpeaatSozsmoof t he
streans, the product streamor the working stream are passed through a
desi ccant dehum difier prior to flow ng.ggross the plates. 22. The

i ndi rect evaporative cooler of claim1l4, wherein the product streamis
recirculated fromthe space to be cooled to be reused as the working
stream and/ or the product stream 23. The indirect evaporative cool er of
claim 14, further c&hpriBhedndisect &vlaaonraitiee aticiemef olaird Bhdwhersin giir ed t o
prevent the I’kl n st rﬁgm from e g}gpt he ndi rec evaporatl ve cool er

prior to 5 @?% R %t??@”b% HFIES ream §k, G Wering SeAMor at i ve
cool er of cl a' MBrédpaddelr #irdudh @ déé]@@é\ﬂl &mﬂﬁﬂrﬂe?%l%rpﬂouﬂ@whgy a&@bséi bs

extending parallel to the ditection of fluid flow across thé sides of the
pl ates and t he tbppdatesg surfaces of adjoining plates. 25. The indirect
evaporative cooler of claim 14, wherein the channels are provided by
corrugations of the plates. 26. The indirect evaporative cooler of claim

14, usable in eitheg2 coofhdthdiretPa¢SpSaLiAs Todldritd didinvau NRerein the
hum difying the space, further conprising: a) a cycle cont r ol danper

having first arfodéebstrean ifoseaircyiaied Jeomt tha shpen tohke cgadled denbe ol
damper is in H}guééﬁf‘c\%éhg klhg%tre*aﬁ?am?fo'fyﬂ?gg@g%%&881'?? i's expelled into

t he at nosphere an streami s 0 cooling the space,
and when the cycle control danper is in the second position, the product
streamis WO 03/ 049844 PC;I’A USO%/ 39808
e irect evaporative cooler of claim 14, further
comprising:
a) a barrier dimensioned and configured to prevent
the working stream from exiting the indirect evaporative cooler prior to

5 passing through the perforations.

24. The indirect evaporative cooler of claim 14, wherein the
channels comprise 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.

25.  The indirect evaporative cooler of claim 14, wherein the
channels are provided by corrugations of the plates.

26. The indirect evaporative cooler of claim 14, usable in
either cooling a space or assisting in warming and humidifying the
space, further comprising:

a) a cycle control damper having first and second

5 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



-39 expelled into the atnosphere and the working streamis directed to 10
warm and hum dify the space. 27. The indirect evaporative cooler of claim
14, furthwo o3loaessng at | east one fan arranged so as to ai ecrhesozsasoon of
the product fluid and working gas streanms. 28. A nethod of indirect
evaporative cooling conprised of the fogdow ng steps: a) having a heat
transfer surface; b) wetting one portion of the heat transfer surface 5

Wi th an evapor gty I oK i I i i r med in
t he heat trans%@@ﬁ%@&&%%g\%@}%ﬁg@& g’ggg’&%wgﬁaﬁqg?rﬂefsh@% ?‘?gésfer
sur f acel0 f r om twerndaypddgumidify the spaee.wet portion; d) passing a product
fluid streamacross the dry 10 portion of the heat transfer surface to be

cool ed and used; e) passing a working stream across the dry portion of the

heat transfer surfacgywherge ! RBIrEcRIchapaEtiRECoolkl SN&IART MAIfFHFAM
flowi ng through the passages in the heat transter surface to the wet

portion of the hadng tataleestonel fars @rfanged §9 avnddialgd tfe netioneaf theansf er
surface by ev ratd f vapo ive liquid into the working stream
on the wet po?ﬁggﬂ&oﬁﬂq%@dh‘ggq(ﬁ}qég%é?%éa@ﬁrface; and h) cooling the
product stream and working streamby 20 contact with the cool ed heat
transfer surface in the dry portion. 29. The method of claim 28 where the
guides on the dry st&e rAyrmpthosl peindirgct pvappeadiver caglingpeemprised 19t he
passages. WD O gz}gﬁ%%ngqépg@oz/ 39808 -40 30. The nethod of claim 28 where
e we

the guides on t ‘
a) having a heat transfer surface;

b) wetting one portion of the heat transfer surface
5 with an evaporative liquid that is held temporarily in a trough formed in
the heat transfer surface;

c) having gas pass through the heat transfer surface
from the dry portion to the wet portion;

d) passing a product fluid stream across the dry

10 portion of the heat transfer surface to be cooled and used;

e) passing a working stream across the dry portion
of the heat transfer surface where there are passages;

f) the working stream flowing through the passages
in the heat transfer surface to the wet portion of the heat transfer

15 surface;

g) cooling of the heat transfer surface by
evaporation of the evaporative liquid into the working stream on the
wet portion of the heat transfer surface; and

h) cooling the product stream and working stream by

20 contact with the cooled heat transfer surface in the dry portion.

29. The method of claim 28 where the guides on the dry
side run parallel to the side of the plate with the passages.



side run at a direction other than parallel to the guides on the dry side.
31. An inproved nethod to cool a fluid where it is conprised of the

f ol | ow ngwetoapses4e) having a plate for the heat transfer arfimor39809) using
two or nore plates; 5 c¢) having adjacent plates with their opposed

surfaces being of the same type, such agdgoth wet surfaces, thereby
formng a spaci ng between the adjacent plates; d) having gui des between

adj acent plates to %gl de

t he fluid_of the produc tream and, wor ki ng
streamin desired di rT&,et mé,deﬁf ‘H%’\W %& Wﬁ@@pi@é@é’é@eﬁ ﬂnaﬁhle W}eh he
pl ates being i Bidd hfm Sledrgiressh ofhler figad parallBEtodHE dRfded o ife drysiggace _
bet ween adjacent plates guide the product stream separate fromthe worKking

15 stream g) having the guides in the wet space between adjacent plates

gui de the worki ng styyeam i r : space. LA irection
ot her than parall el t3t1c‘) tﬁﬂg’fféri?érg}:/{agEﬁ&gﬁaﬁﬁggglréoﬂg@‘t’\%%rter|ggsm@oyrjlnép%cﬂg cool

fluid of the pofthefolisvimpsiepst hout any addition of 20 humdity; and h)

havi ng the trough areas nested with each _other and hol ding the evaporative
liquid tenporarily to wet® theqlﬁé!i”%?(ﬂ’ e(fﬁrtlp’ Hieghtranster sypfacehe net hod of

claim 31 where the |iqui th)f or L{S%WOF @Férﬁe%ﬁés'i s distributed by a w cking

| ayer on the wet side of the plates. 3 met hod of claim 31 where the
plate h&is a | ayer on the)dry heivitg t bdjacest i pladesreabilne theit hoppesexbr at i ve
liquid. WO 03/ 034%44 %ce:-lrn/ ng a{e:)’gaBr%% tybg',lst?c ] aér %%tms/\}e %Ctij afc:eg,I ﬁ{errnegl wher e
the wick |ayer SHf'@Pf@ PeINg y
forming a spacing between the adjacent plates;
d) having guides between adjacent plates to guide
the fluid of the product stream and working stream in desired
10 directions;
e) having the passages in all of the plates being in
the same area; '
f) having the guides in the dry space between
adjacent plates guide the product stream separate from the working
15 stream;
g) having the guides in the wet space between
adjacent plates guide the working stream after it has entered the wet
space in a direction other than paraliel to the direction of the product
stream yielding cool fluid of the product stream without any addition of
20 humidity; and ’
h) having the trough areas nested with each other
and holding the evaporative liquid temporarily to wet the wet sides of
the plates.

32. The method of claim 31 where the liquid for the wet
surfaces is distributed by a wicking layer on the wet side of the plates.

33. The method of claim 31 where the plate has a layer on
the dry side that is impermeable to the evaporative liquid.



plates is furni shed evaporative liquid by liquid in the trough reservoirs.
35. The nethod of claim 31 where the trough reservoirs are furnished
evapor at iwe osiogasiiel and the liquid that is not taken by thecwusk2/39ses eri al
exits the trough through liquid perforations. 36. The nethod of claim35
where the reservoir wets the wck materyal on two adjacent plates. 37. The
met hod of claim 35 where there is a bottom reservoir. 38. The nethod of
claim35 where there is a nmeans to sense whether nore liquid is needed for
the wick material. 39. The nmethod of claim 38 where the neans is a float
valve in a reservoid34. The method of claim 31 where the wick layer of the

plates is furnished evaporative liquid by liquid in the trough reservoirs.

35. The method of claim 31 where the trough reservoirs are
furnished evaporative liquid and the liquid that is not taken by the wick
material exits the trough through liquid perforations.

36. The method of claim 35 where the reservoir wets the
wick material on two adjacent plates.

37. The method of claim 35 where there is a bottom

reservoir.

38. The method of claim 35 where there is a means to

sense whether more liquid is needed for the wick material.

39. The method of claim 38 where the means is a float valve

in a reservoir.



