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PLATE HEAT AND MASS EXCHANGER W TH EDGE EXTENSI ON
BACKGROUND OF THE | NVENTION U. S. Patent No. 6,581, 402,
w0 s@amsnsdune 24, 2003 and U. S. Patent No. 6, 70BCTD862005/005441

i ssued March 16, 2004 provide useful background for
this application. Field of th¢_|nvention: The present
invention relates to plate heat and mass exchangers
for ty V. I
pr esen L EHEX EANEMASS EREHENTGER ffR ek ERTEuHE
extensi ons for enhanced fluid reanaI Di scussi on of
t he Background Ar&ACKGitFW@BtOEeO'akEOMEN/BOUOOI i ng is a
met hod of cooling a fluid stream usually air,

U.s. P@@%&oapl,ﬁ-@l éo%,dgquieﬂéuqq %T{b 2903 angy- [S.yPa\};mté]lo q m 096, issued March

16, 2908 Phelviad LseFlirargratmd Br tiiaaphiRatiog heat from the
first air streamto the second. The nethod has certain

Field &hg{ My q‘qua}pt ages conpared to conventional air
|on|ng |l ow electricity requirenents, relatively

high reliability, and the ability to do away with the
The piesegt fryen QT felages nrlatedigahants mEss18€hanagrafor indirect evaporative

cooledsl Slﬂ(ﬂa‘é&muﬁe@et%etﬂi*@énﬁfﬂltléﬂﬂon rblates tBauENplab2- haQing@Ugé@%tensions for

h a@f er of enbodi ments for indirect evaporative
”‘a%ﬁ Hgmﬂﬁvﬁg pl ate apparatus. Figure 1 (Prior art)

shows a perspective and schematic representati on of
Discysmiomlodtthe Bidxkgrognd Metwet si de channels forned by the
wet sides of a first and a second pl ate opposi ng each

Indire®t Q\%{pora\’ﬂ\ferboBh%J i5 aﬁﬁ‘@tﬁé‘@@ﬁc&fhh Qtfﬁlqj étFEaW%sﬁ’zﬁlV%lr by evaporating a

general area and IIustrat|Q% he wor k gﬁ gas entering _ _
COO“%"CWW@ ugyally yiagRe; inbad SPERPItATTBIRgM While tﬁ%{@ gegshepidranythe first air

strea]Enht% mﬁe&r@ekmaﬁmb@ hasT fftaﬂh’ peeeht £dwah£hg|e§ cémpareatt@donventional
_ romthe workin as they p si de.
air g o} <o 3R Rt B s BB Feebi B 8 o do away
with thegtead Kor @fribeadjtaceaitasgi-aB € andhall thet digidvantagessihgg sntail.
facing each other. Thus, the stack of plates would

u.s. Iﬁl@éﬁﬁ MY & s 0962 Bhéh€a ﬁﬁmgé]lcﬁ‘inVBotdhnérﬁsSfdiﬁﬁ/du%hggvap@?dtﬂg cooling
same direction and Bsglsne of all evenEate

usmg-m%telaﬁgérﬁquorﬁwe l;é{’norm oggf p&o@eﬁywlﬂég glﬁatlc representation of
two plinds &Raiing iepweaditdy ehanadk éclirnhaﬂ\byl’tge ovedSkief bbaMfirgy andta second plate

oppo%ngegglﬂyo Q@%ﬁ]l %al?g Qs%ﬂgsst%ﬁe%t?s ﬁ %m?PQJIeLIl aaréz{ %ndo Iusﬁratmg the

exc aﬁ e
workinh@ap Eatesisy omhbe Arvagidss PPﬁS(tﬂgu“(ﬂ'éOL@d)gtée eRIseaes ygsintogthe Wet side

chand@€1 tid foBudtTRid Bre¥htedffrom the working gas as they pass along the dry side
of the first and second plates. Additional plates form a stack, and adjacent plates have their dry
sides facing each other. 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.

The invention of Pat. No. 6.581,402 provides an indirect evaporative cooler having cross flowing
wet and dry channels on opposite sides of a plurality of heat exchange plates which allow heat
transfer through the plates. The plates include edge extensions to facilitate the removal of

water (or similar evaporative fluid) and dissolved minerals from the plates.

For purposes of both Pat. No. 6.581,402 and the present application, we wish to define certain

terms:

1. Heat transfer surface or heat exchange surface has many configurations. All are
encompassed within the subject of this disclosed invention with appropriate adjustment to the
wetting and flows as are well known in the industry. For illustration we make use of a plate

configuration.
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water (or simlar evaporative fluid) and dissol ved
mnerals fromthe plates. For purposes of both Pat.
WOR00508®B81L, 402 and the present application, WweP@I/BER2005005441
define certain terns: 1. Heat transfer surface or heat
exchange surface has many comjigurations. Al are
enconpassed within the subject of this disclosed

2. | RSIAON b ARPLORALEAIMALIRAL: hBALD BB Aaving

OWs as ar
evapqram\@sltquat Propr idts rrrikfacas sbusoinallingl evaeo@yMe F@ﬂlmatqf ¢ire surface and the

absor¥@bn 8f den®heXCtoMht kpaRf the heat exchange surface
nmeans that portion having evaporative liquid on or |n

2. Sy 08 SR HEORL bR Dl B HaSHY P e Mt exchanger
surfasanvhiere eher8.is Bitly os;mdeava)moraiqlgn iptr thecuwjagéntt des drdadd. Thus, there is no
transfeF Bf QAL anARAOR 1R BARRLAR Jales! N AEALNEUERRAGRY be wet but not

ere I's 1t no evaporation

with evagoradjafuidtor yees byrcondiensationtleysno eyanogatiod existe.r ansf er

of vapor and | atent heat into adjacent gases. In fact,
4, t WﬁorﬁM@Lsﬁ@@mmvid?ﬁny\@hs Bisdar Btthwigh) flew AR fidvis\egorigl thie heat

or wet. by cgndgnsat i oratlo
exchiig R B s Ahoriaeig iuRaf BRRRSY BnCRUtiditgne wer siae
and aldkaiupfvhpnmandl waphratlhaaakleg(talnangeasfmmadae heat exvbamfreysurface and
trans??{giﬁg iR tLQ hlcg}a RS oRRSIAInd s, [ HE WA PEFednP may be

e an s up vapor and by evaporati on,
d'SPOF%@K‘an%j Wafﬂt%ﬁ't'd ge'ﬁr'b'i‘i'ﬁ‘( he dpfshfor észmwg@o%%fsa%awmg humidity
or scivenginpPedd. ng it out into the exhaust. In sone

enbodi ments, the working stream may be di sposed of as

5. \ABPSrO(?uc?ngreél tppc?c{ucadhld%)éalg% Hféequ é ? asspcg.ﬁ"d 8\1 mlxhure)[ flow that

poses hum d
passe-:". aldhgdda@eatswbamecﬁmrfpm)qmme dﬂvum a@tdrléamlﬁz b! Hee fhisaipgion of heat

by thg RBkind baUL Heh oMt WEEJidd Aiwrti Wﬁt@ﬁ%@@@bﬁ{@r@/af)Mtlon in the wet
heat exChange surface on the dry side and is cool ed by

aréa.t he absorption of heat by the working gas stream on
the wet side absorbing |atent heat by the evaporation
The flate talye hagipassagewaykiee petfatagioas sosimis tpasﬁsagmybetween the dry side

of thgﬁgteognﬁ:f h%%etosrc%e%h@ela%%grgmg%ﬁm E)G/Sfr&ﬁ R’ \X/&%ng channels to

|ne area
the werlking wahgﬂaﬂme}w'rf whish difectavgpamiive erplien saksePaceo t he
wor ki ng wet channels in which direct evaporative

The B&AbH BY tHSik O tlInaBkes 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, flowing through dry product channels and dry working
channels respectively on the same side of the heat exchange plate. 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 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.

The dry product channels are on the dry side of this plate. The plate is of a thin material to
allow easy heat transfer across the plate and thus to readily allow heat to transfer from the dry
product channel to the wet working channel. This is one basic unit or element of the invention
illustrating the method of the separation of working gas flows to indirectly cool the separate
product fluid by evaporative cooling.
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The nmet hod of the invention nmakes use of the

separation of a working gas flow (that is used to
weraposesse |iquid in the wet channel s and t husP€DUSOF/005441

the wet surface of the heat exchanger plate) fromthe

product fluid flow, flow ng thgough dry product

channel s and dry worki ng channel s respectively on the

The ﬁ@%dﬁhd&aﬂflelg Qr% JHS ggﬂ@%g?hlpkﬁtee Tl%oﬂlgtqu é?alﬂlpn material to allow

to the
easy @‘Eﬁtfté?é‘éfer §C’l9é$ ng %f@w@é tbys téx/r@géfva"pwmeahtq wansfer fkpmghe dry product
channeto ﬂﬁ&m@bc&klnahﬁaﬂmﬂ KTKIQisGhe I:fakl@WnﬂctloP Elenﬁm 8f ﬂnetlh\%ntlon illustrating

annel and then throu 0
the nisiad St bGP PR, iRfro s ot 5 Rt R RS2 Bl B aiap product flud by
evambaMWe@mﬂmd the plate to the wet side and thence into
the wet working channels where evaporation of |iquid

Many%QaSJ?'@tl\)’éeéooﬁﬁ@@rﬂ%dlﬂéﬁ{sam&udecé)mcﬁmg rﬂﬁaﬁenﬁ’il %redls I-rrgﬁtlrﬁjd' the water or other

roduct channels are on P
evaperﬁtévep'roatdeoweg, thyy Plate Wetsidhat 28 £ﬂr e%arap'si 'f'@wee?a% VPaiehle. 6,581,402,
wherdili ansdl@iy raateaisls’ Hibeibpkat ®e angbdritivg liquia aﬂ@@duétysn@d tHWnels 5. Plates 6
form aQe_SV\BPeK Itl’l rtﬁensgﬁ%cg{nrer?trp%ft Ihgeurg r%ner %ggllgé e\zah%?;pcsl? b%ﬁ%'%‘ﬁﬁ?" a wicking
surfacef thahé“onm/wnteur snrfade, astheamctqgﬂam@l eakodovof thehmirface tension of the
waterSeparation of working gas flows to indirectly cool the
separate product fluid by evaporative cooling.6 0 The

o ﬁ roduc cg%nneLs are on the d@y side of this

WICkIBg Pé. verqué iﬂr %V\{Il INglire NOXFGSS WAL qr&hetp(l)atspplgg\;eeggflso limits the

heighlh @fithet plateshetr caadseosadt Weclphawveteaddwh husarfhoe sgided by yravity may be good

from lee?Wn Séa}'ts c?v& Eﬂg %uﬁ{ étlaﬁdgé’synoq 99&%%&4?%9@%‘.&%% transport.
et Bolspiatng g allgent e 54

uni t
Wickigg mmoreb*ﬂortzmtal dwmomﬁn |a||¢Vu§tV?%ttCﬁ|erSth@f wettmdsyéfem such as shown in

Us pdtBe 19 R, 09@ PherdQrK kdiHe 9@& hda®Whd hdisé @th%ﬁ?ér'abpﬁ&gbns that require
t he se arate qE%t fluid evaporative co

2 molaHRgo GO BT AT o MG PR BB IR R S0P PR IRIG A T YRR desian that
againirad@fd @inofedortibstal afplitatn dulak andit @atedit Not BESB1,402. In all cases creating a

s SYTIRI P B D PR i Soe, T
WICklng naterlal 7 distributes the evaporative |iquid

The ipditpsh e VaperasivaoelRaah@tsNG. 6,pB 51183 vrkowall- aBut\a dlémg@tage inherent in
the deflgh R&s @é@hqdumﬂtus@f sBpgfgrtﬁe Blatééaao%loalgsm@wanm;aplﬂﬁmter through the

t hat
wick Bfpifotemzie B Sod Al b il BaaPrRe: diptesge the closel
spacddeinsit @erchahgérhgatés,Qviviatvieking Widkden dadimy eachertbércallowed water to build up in

the CE%H; egsgg'hgﬁdilgl}lﬂ]ﬁg{ gadgtgd %Y%ﬁé?urmg &EnsPdh 5fﬂﬁe IWa"iltl_;r%ldhering the edge of the
plates. For example, giver??wo Ihcr>r;izosntal p(leates in parallel, a drip from the top plate would hang
down and adhere to a drip on the lower at the plate edges. Water would then back up from the
edges of the plates on the wick surfaces giving two detrimental effects. First the surface water
significantly reduced the heat transfer rate and thus the cooling of the fluid on the opposite side of
the plate. Second, this over wetting between the plates caused an uneven airflow distribution
across the wet plates and therefore uneven cooling of the fluid to be cooled on the opposite side of
the plates.

As water in the wet channels is evaporated any dissolved minerals that were in the water are left
behind. Even if not all of the water is evaporated away, when the minerals in the water become too

concentrated they deposit on any surface they come into contact with. Such deposited minerals
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hei ght of the plate that can be used. W cking water

down a surface aided by gravity may be good froma
wowassiosgsper spective i f the anpount of water doRGT/NS1005/005441

exceed what the wick can transport. Wcking in a nore

hori zontal direction can allowa vertical reservoir

wetting system such as shown in 75 US Patent No.

0 r ; :
prescft { oo 28 oL B ST BRI Mo 2ARP MBI pow of yigter particulary
in theg\éiéh@tartsriad-hgwi%? plethgatats are ao lpnaerrtbowyaply iwesteddand heat exchange
efficiddt@/di®stynami ¢ design that again require a nore

hori zontal application such as US Patent No.

Thereira 3 e A FIE O EorAPPBRYS TS B DR ArHgng ecess iauid and
minerdssiwag dronTHe heatlexeahgiey apaioatdf\tke platd, end odmdditg thido from the plate.
6, 581, 402 works well. But a di sadvantage i nherent in
80 the design has been found in use. Sloping the
plates to allow gravity to help pull water through the
w ck hel ped to renpve excess |iquid and washi ng
m nerals off the pl sugmarPoevelE IMVENGISel Y spaced
heat exchanger plates, wth w cking surfaces facing
It is agabiecobhete pratdnoivednsiani & piovidebbalati ant nidtBodshfan b elwing excess liquid
This . bui b he. sur.fac ensi on of the
and it Ay 008y MR EP LS pfioR 8 CBialel R Mg 8 from e
plategi ven two horizontal plates in parallel, a drip from
the top plate would hang 85 down and adhere to a drip

Edge @RtehbiBnd SeBIddad td Bk it 8f RRIGES eviBdrafivaeididls kH 8ilbvPacdess evaporative

. up fromthe edges of the plates op the w.ck suyrfaces . .
iauddB TG b TeccBenahine Pk aad v oty kP LSEyRd HUESES with . Better
evapavatien arsd it ftrapsfiet kan aledbe eccanidisiesiat transfer rate and

thus the cooling of the fluid on the opposite side of

the plate. Second, this over wetting between the

pl ates caused an uneven airflow distribution across

the wet plates and therefore uneven cooling of the

fluid to be coolgdepbESTRIPPIRNS OFETISE DR AWINYS t he

plates. As water in the wet channels is evaporated any
FigurelRs 304 pedpadtive madl scidnaiticwepresématidreofafiat embedieht of the present
inveng\?\g,;ﬂqwlﬁgxa%?%deéd#%e 'rceg*slson?{] Fipp]% %ljt;sgsi%ez\g(gyngpgﬁg&%q’!ent of Figure 2a.

concentrated they deposit on any surface they cone _
Figurg Atipa sisiatviavt ofd serondgpodialsss Pt e nYRTeeF HIVEDtigs: 83wng skaight edge
exterdsAg-term problem as they build up and eventual ly

i npede the flow of water, particularly 95 in the w ck
, terial. Portigns of the plate .are.ng.longer..
Figurt Ads BGPTSR BRI BUEHAN L o] WEipenfofghe present
inventihey eflieing a @uniee owelesignsnd hatihgeslanted fedge exypasiatsus and

nmet hods for drawi ng excess |iquid and

Figure 5 is a perspective and schematic representation of a fourth embodiment of the present

invention, with the plates in a vertical orientation having straight edge extensions.

Figure 6 is a perspective and schematic representation of a fifth embodiment of the present

invention, with an integral design and having slanted edge extensions.

Figure 7 is a end cut-away view of a sixth embodiment of the present invention, in which the plates
slant downward from a center axis and having a trough system for wetting the plates.
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m nerals away fromthe heat exchangi ng portion of the

pl ate, and renoving themfromthe plate. 100 SUMVARY
WOR00FHROSBINVENTI ON It is an object of the presePCT/US2005/005441

i nvention to provide apparatus and nmet hods for draw ng

excess liquid and mnerals away.fromthe heat

exchangi ng portion of the plate, and renoving them

fromthe plate. Edge extenS| ons are added to the

pl at es of i ndi BEEAIEBMPESER . : NTION excess
. evaporative 105 liquid t o grate_to the edges of the
Figurpy 23-dshanaratipypesbedimentiziohgder exiersiens addae taheatiransfer plates in indirect
evapénﬁtw@@ddl@r& VIR Q6 AdrkI @it ek rel Shaw s f i€ ilCledaaféht kQ@those skilled in

the <BSRE e GloB it s G Sireiar e LB dCF APV e oolr paces
U.S. Raty Me.s énbld4 6@ and 6f70t5tﬂ96pnmmmatﬁamerawbmtefenncdwahmvmg variety of plate

conflaura%&daﬁaie&e%sr%%bwn%s WFn gweec\cﬁ*eages tﬁe éd eexYéremng are added to the

di ment ure gure 3 1S e vie

A edge& EEUWdD'étﬁﬁd%ﬁVﬁéﬁ*w colfeat ﬁééch@ﬁ@% @th'oﬂﬁ’vé*r'ﬁ P'éﬁfsv mfaﬁlgtate removal of

exceﬁtdvab@ﬁhv@ﬁ@,ﬁd ¥ Eeths R SideE b tHeepidtes. SMlI@ﬁ@é%@ﬁt“lblé@ond the heat
e (0]

f t
oenfite o RSBt ERERBNI e 1o Mty B0 TG e he sides or ends
of thaptéravhingosd mttlevlyetﬂgtencemaémsdmmge cdn 6cdir glere. Fhe $ollawing table lists
refer@ﬁ%ﬁﬁﬁ%\*é’@s ?ﬁﬁtﬁggﬁﬂgﬁ{ ic representation of a fourth
e

I ment of the present invention, with the plates
in a vertical orientation having straight edge

ext énsi ons.

mvgifecrraduet flidyers gt i ve and schemati c

reppesent at

| n\lanfl oh;

ﬂBrkﬁHg g}lsf(ébt E}r)er‘mOdl ment of the present

nt-ed
SWS"éeF‘?ngV% C?a“@isa(péﬁaraé'ﬁf‘ emﬁﬁﬁfé S ew of

edgé extens

a snxth enbodtyrmd‘dw@ﬂ(mblteam{e%ent i nvention, in which

At md—f—-i’—e.nﬁ'—a—eeﬁ.t—-ef—-_aeﬁ_s_a.ﬂ.d——

oc
LIIU |JI (J.L TS

12N ol Aant
haanq atr awahs'g §%aé1|’?1e#sor wetting the pl ates. DETAI LED

DESERI PTI ON @teFHE I NVENTI ON Fi gur es 2a-7 show vari ous

enbodiments tenstons—added—totheat—transfer

et ST ol RY _
plates in ihdirect” evaporative coolers. Wile several
emb8di ment s| widk eaiei@, it will be apparent to those

SKTpred T 1 HR §ids dfiiked M€ €UJE EXTENSTONS cam be
added to mahy other indirect evaporative cooler

pl at®s. 125| Websidesef piags s 6, 581, 402 and 6, 705, 096,

I nCoy por at _ejpwr_ﬁtiéhsby reterence, show a vari ety of

eactP case, RIS ensi ons are added to the
21 length of edge extensions
22 evaporative fluid (e.g. water)
23 trough for wetting plates
24 Non-permeable layer
25 Wicking layer

Figure 2a is a perspective and schematic representation of a first embodiment of the present
invention, having slanted edge extensions 20. Figure 2b is a side view of embodiment of Figure 2a.
The plates 6 in Figures 1a and 1b are shown as horizontal, but they may also be tilted (see for
example Figure 7 of U.S. Pat. 6,581,402).
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edges of the plates, beyond the heat exchange portion

of the plates, and facilitate renoval of excess
weraposssi ve |iquid fromthe wet sides of the PCHUB®05/005441

VWil e the term"beyond the heat exchange of the

plates" is used to indicate that the edge extensions

are added to the sides or ends 130 of the plat es thi S

The Qﬂﬁo?:lfitﬂ?&t df'ﬁﬂlﬁfest g?gm{' Feaafra ER@%@ c&%@n%%ﬁq%vh eIélr to that of

[ ow ng nce nunpvers
Figurerj @ripafEnt EaCFhl Rjatiechas g dry Sdeﬁeﬁ@b@@tq‘r\/é'd&mﬂacgmeh&them Dry sides 9

mcluﬂ@ny%‘ﬁdméPﬁhhé]iMofhr@ung WiBkh BRSHQ@H ARt fRvst W@etr%rcfé%ei'@t have wet side
h avg Br %n sI antﬁg% ﬁ gxt (ten%l OF' Fi gure
changgys p thto gh&@ RtKBe SEn o St A §aPannslks 5 arsspepplly transverse to

the do} aide shénniets 4 gures | aand | b are shown as
hori zontal, but they nay also be tilted (see for

-Wet ﬁ?ﬂé‘gpalrﬁnei:'ﬂé&@ @vezte‘elf bﬁrﬁeva%@latlv@lléﬁa-zﬂoaz widkhg, sprayllp? or a similar

di nent (gures IS a transverse
met?@ésﬁaﬁse,%ﬁm?o MR showpdn £ 'ﬁa'tes@ﬁ 3nf glirdoes nopphoyy working channels for

passA@ta)worEag fujal tatdilghaﬁe i:)ladsrsyfrcﬁh tite Gry sadfeckotthe wabk ¥idek,d8Ss shown in Figure

LerigPRE SR AR B HeTlr B EOG e Sy B Sri§2 Peinbus the evcess
evaphgavige Weid 22 tievidd Oucbiametedide Sranhel Guagtd duppiiy ofib edgengxtgasons 20 of plates
6. The Ehea edJ@@xf@’ﬁgloﬁé %l&.f@&‘é%%' asdlétaﬁ('feeZ Qgﬂet'ﬁ@lehéf of plates 6, facilitate this

transverse hannel .
fluid éﬁa%éb\éosefmgeumet%C%?emdét}%bwéﬁr\?@ef|pPefmno°f2@e,t sides 10.
wi cki ng, spraying or a simlar nethod. The specific
In a gertadirmeeferrad @mbotiment gilare mdizect anapathtioenlingtyst@v@itescribed here by

way ?ﬁﬂ%{?ﬂg‘{pﬁ@a&@gﬁ?%ﬁ Pa%ﬁgél n\ga ?%Y}?hlél%tcflékwﬂetcr&gys%ns of the plates are

des
20 Irgheﬁ/\hv iL# lrﬁhgsjrﬁhemlgtwaﬁeual lsxpol)/ethbl@ne tersing anonelldosrefiber paper (the

pape'r B@tls udQdvitiing hRtdrlaBUride %P%%PB’&W@@E theBISME & @@2§hﬁ7cW§s
he excess evapor at ive f 22 flow ng out of

n prﬁ’#ﬂﬂ?ec 38 Mansiouaniaehe B fih agf gn X&ﬁfﬁ%‘f’@@ﬁ'ﬁwoﬂmﬂng excess

evapdrasivahiqdd 22 ko affrdint M&thelﬂate(sbaqjhgib"eaoﬁnd 0aeilindhat eedgkiestensions of

subanlt'ihlﬂ/ Jrﬁl‘gp‘iﬂ rm{ d%%rt]%gk Htpwglhgldslg%?c% Jb%¥9|ggw5l:lgatrh€ﬁ%lth this plate

transfer port I'on of wet si des I'n a part
spacijgaf dewagr.eWbbHe fenplats sp&ﬁmsh&d%e%tewa@wf& $rpdl as 1/8 inch are

expe@@@'tbﬁgcéﬁf{]ﬁtsﬁﬁhé g@;ﬁ‘b‘f 'eﬁﬁ:ﬂanh?rr@'nwnél@&eg\ﬁé’va%&aﬁﬂe liquid. Edge extensions
b ”E/I%t@rﬁg es arestaé in a 10 i nch high
su 5?1”5'8 ORYRL BRTHRIALS BREMBIVOINBESY ates are 20 inches by
18 inches. The plate material is polyethel ene coating
Figurer is @lslidel \deve of a lsecondagmairod{radne of aipepreswttsnastian,wecksimgar to that of
Flgur@?tzgrah@lﬁ) bl]lih%vﬁla%@tla%t Q%é’@@@nsﬁ&% RlLat @lsth'est:h&u;s%_?n re)ated to Figures

inches. In practice, ‘edge extension I'engths 2 1 of
2a apdheh isgRlgvant; tﬁéh's\/&fw‘?‘?@%‘?’? agefl- i n causing excess

evaporative liquid 22 to drain. Wth plate spacing of
Edgead@enstbnR2 0LidThé BAbedimend gEfigit ansd@iiisstaifight out, rather than curving away

from wet sides 10. This design is easier to fabricate than the design of Figures 2a and 2b, and

does remove excess evaporative fluid better than conventional plates without edge extensions.

Figure 4 is a perspective and schematic representation of a third embodiment of the present
invention, utilizing a counter-flow design and having slanted edge extensions 20. Rather than having
wet side channels 5 and dry side channels 4 transverse to each other, they are generally parallel,
but flow in opposite directions. The edge extension is generally transverse to the wet side channel

guides so that the working gas flows in a direction other than toward the edge extension
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155 substantially under 1/4 inch do not work as well
(1/16 inch does not work at all with this plate
W@ p@siosyyl However, with tighter plate spaci ngBCT/E8e5/005441
extensions of a small as 1/8 inch are expected to
acconplish the goal of efficiently renoving excess
evaporative |iquid. Edge extensions substantially
(perpL‘.ﬁ)(ﬂglﬁ%rl lga@emgﬁﬁggﬁﬁcﬂeﬁgo%r |évﬂ:ﬁ)ﬁtlve gﬁrz"z s?’clllI Soaft wet side channels 5
throup skt Mafgiah e 2)d Stigrarasrvia wickingunggr cremnqtgg@pez, sathah @xcess liquid
traveRlo ayé WO 30 had GAps 6dge extensions. Mich of the
di scussion rel ated to Figures 2a and 2b is relevant to

misra i 3R O e e ST A o PRIPes fofllows. Plates 6 are
formedhefm wigking n’gltm95fblaokﬂd/\lm a giatle®! 20 thafhs snhesegrie ksthe evaporative

|lqwd%3| K ekSmpiabniieaeniyhabe tdimed 3! 'pgﬂ/ef?l IeFia gH%tﬁ@ gfoﬁ@gllulose fiber

and does renpve éxcess evaporat|ve
papet Fan FEBRIORR vrldre@aiariah wirkingdigeided wssr ghehgades 7 and out to
edge kk@utien#22, SvierpBguid e tdripe offiud thePRERL i C representati on
of a third enbodi ment of the present invention

Figurgggleg é')e( e&lv%%HB gﬁe%[%r%p’regg 2800 S‘Pa fou t\H nl'gbOdJlna]QIIIt oq" the present

nsi ons avil ng
invengparwit! thedlatpgi6dr ¢ veititel @mmmnsam lnarvmsﬂle?ngd”e edge eaiehsions 20

WorkRRE flofvhey u%ﬂvﬁrcgﬁr\)\faert@lcieYChQﬁ'ﬁe@ % ehd pRIduct 1 aWabR 1 |s S|deways along dry
% EWilte dlreCtlﬁ e extensj on | s genera d
side GhaapRis &r9@Peragve %PW%F'% chriRElS omdas t%art%%rfp%crfée ge
extenslhk2ogitgsbditems in a direction other than toward the
edge extensionl70 (perpendicular in the enbodi nent of

Figurg%gyﬁgﬁé})gctﬁgaamgr ﬁﬁér?(fcké Hng}’elsgnt%ﬁ @Bf$ lfl(f:}ﬁ %mb%drr)@ént %lf gl?e present

hr ou
'”VGHWP%W'H‘gaflmEP@Faléﬁaﬂﬁér‘d havieean integral formof éi@f@é@dge q&tieds'ons 20. The

embddirAdtelo$ th@r@@ﬂseprﬁféfrﬁﬂﬁfd?ﬁféd %@a%Bﬁ’d BlbLIOSf aoﬁmgue matenal such as extruded
alumlawﬂdgbsgﬁz?lgn éscq:o@ﬁ.&ra‘g%#fégﬁ ! at?uslqlaé%w % rasgar;]éer gfress, such as when

the ifdireoteelapbradivavcademg prassetded] 25 backed by a materi al
24 that is inperneable to the evaporative 175 liquid

In sor%gapﬁREtl%admhgvaht%rPﬁmGplﬂbgBtangg,pgc%?ﬁ?%a‘i’/fbe form%clsout of rigid

yet el ene coatlng on cel | ul ose ber paper
matepgﬁ,éychza\; alypiguyg Ilhs%h(ﬂgpefgthﬁmlaéﬁ g|and \Maée(isp]aée{sl amad bgextruded in one

pleceLH(]dIe&s @Hitﬁ\rmnalﬂgguué deghd e&@@leﬁuhsné@ ;&dgemevéts SNk @maen%zly tapered to have
0 r
« trsfRPRfund LS sfes in Bl Koo 8RR Fliorig ' Trtiptahofhuve wen sice

of the pladadi Herequinés ithatmegdm/e itlm/e\mppmme 2idistribuie opéraitesurtice.

Distribltify fﬁ%retvh&ﬂ'hteo{an%ta%fcbﬁ’iﬁhshﬁa‘Q{/ fRaVihBonShdR rgﬁ‘&en?lqg%y etchmg the
ext ensi ons rking gas flow 2 is upward in

surfagg gfa Eﬁaerméflschesm pYrB GRAEINg |aon"a< UrBRe1 i s si devvays
al ong dry side channels 4. Evaporative liquid flows
Hydrélshie saffaceselschtsfdeserideden UM Pat Mlod6 588, 485f toedgssner et al can act as

wicking surfaces.

Figure 7 is an end cut-away view of a sixth embodiment of the present invention, in which plates 6
slant downward from a center axis. A trough 23 contains evaporative liquid 22 for wetting the
plates. Generally a wicking material 25 (see Figure 4 for an example) draws liquid 22 from trough
23 along wet side channels 5. As liquid 22 reaches the outer ends of plates 6, it is drawn off the
plates by edge extensions 20, here shown as slanted edge extensions similar to those shown in

Figures 2a and 2b.
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extensions 20 at the bottom Figure 6 is a perspective
and schematic representation of a fifth enbodi nent of

wo b@spsm@sent i nvention, with an integral desi gpCENS2005/005441
having an integral formof slanted edge extensions 20.
The 185 enbodi nent of Figure 6gis preferably formed of
a solid block of a single material, such as extruded

Thos%‘mlslfil:f@.drb}g%e %}E of lr%ﬁ%&tg&agéraﬁgélgg I%ﬁ%oé\}% Iﬂ etcgﬁna e various changes and

er sone str rec
moditicasions which sag bemadeitg thy ewumarmmboﬂme@m@own and described above, which

are sﬁllpmthlﬁéthé glnﬁt Qﬁd ;dase Ionweéw/@n.ohhfﬁn Rl @45@§ eéﬁéiagteﬁaaﬁs%éthe heat
orne rraterlassuc

exchaoR Hatn et e Bat FERep T ar 66 U BIRES Braesshg graporative fuid i

draingin wéfytheelaxs.r uded i n one 190 pi ece such as shown in
Figure 6. The edge extensions 20 of plates 6 are
preferably tapered to haWﬁl?uJ@ﬁQ%& Qopening at the
edges, to facilitate excess I|qU| 7. dri ppi ng off.
The evaporative (wet) side of the plates 10 requires
structure to have the evaporate 22 distribute over its
surface. Distributing the evaporate can be
acconpl i shed with either flocking material or by
etching the surface of a material such as al um num
creating a wick surface. 195 Hydrophilic surfaces,
such as described in U S. Pat. No. 6,568,465 to
Mei ssner et al can act as w cking surfaces. Figure 7
is an end cut- away view of a sixth enbodi nent of the
present invention, in which plates 6 slant downward
froma center axis. A trough 23 contains evaporative
liquid 22 for wetting the plates. Cenerally a w cking
material 25 (see Figure 4 for an exanple) draws |iquid
22 fromtrough 200 23 al ong wet side channels 5. As
liquid 22 reaches the outer ends of plates 6, it is
drawn off the plates by edge extensions 20, here shown
as slanted edge extensions simlar to those shown in
Fi gures 2a and 2b. Those skilled in the art of indirect
evaporative cooling systens will recognize various
changes and nodi ficati ons which can be nade to the
exenpl ary enbodi nents shown and descri bed above, which
are still within the spirit and scope of the
invention. In all cases, edge extensions on the heat
exchanger plates extend past the heat transfer area of
the plates and assist the evaporative fluid in
draingin off the plates. Wiat is clained is:CLAI M5



1. A heat exchanger plate (6) for use in an indirect
evaporative cooling system the plate conprising: a
waleaoso83e1 (9) having | ow perneability to an evREDUS100Y@05441
liquid (22) and forned to allow a product fluid (1) to
flow over a heat transfer areagf its surface; a wet
side (10) designed to have its surface wet by an
evaporative |iquid, and for all ow a working gas
(2) to flow over its surface‘géhg%aporate t he
evaporative liquid;, and an edge extension (20) forned
L atAfpet eghaesy ptaﬁee<@|fat gse 'b@ymﬂﬂreﬁhéval@e@ttw@ caplifesystem, the plate
comps@@: for causing excess evaporative liquid to drip
off the plate. 2. The plate of claim1, wherein the

edge ension slo way fromthe we jde., 3. The
= TR TB AR aBRR AT RS pdlia iz gpiraed ® allow a produc
fluid §1)ntyl flovwnaverra kedat tinsfEhareplofifte seffacet ai m 3 wherein the

material is alumnum 5. The plate of claim4, wherein

a wet §i8e (B3) cﬁésﬂ_ﬁeﬂ $o h% i ﬁﬁifath we®b{naf e%&ch'hm IR, Qﬁ@formed to allow a
late of claim3, further conprisi
WOVkK(A}ﬁ@eF 2@ mf?g? PXET 1Esg3uriare 5 REHpOrase f%emraéwe é'qwg ande
plate. 7. The plate of claim1, wherein the wet side
an edgecixtasna(20) &deired as wid edue (f8he pBie, Hegoml eiecheaf trahgearea, for causing
) ' udes channel guides (7) to
ame%ﬂaﬁﬁg%%kgham&t{ﬁhp%ﬁqﬁepE&LThe pl ate of claim 8,
wherein the morklng gas flows in a' direction other
than toward the edge extension, and wherein the
evaporative liquid flows under the channel guides to
2. reHadplitessfetige 1eMemn' . clide eienkiBAsloBEd aMAPOMahe VRt side.
cool er conprising plurality of generally parallel,
3. Sp‘@ﬁ ;ﬂ@ ‘}rc'ian% 1 oglv%vecg ggr ﬁ%la?eq%gl plé:‘\ct%goqagsu’;Jl egglg esfkal VZ dry
uid (22 and forned to aIIOM/a product fluid (1) to
%w Jaterofelaima wherginghe maggrishis@duniowmsur f ace; a wet
side (10) designed to have its surface wet by an

5. eviogiadel ofecldimaymthe(e?2dhe vdtdideQs BBAued talfbdWVa &icMHgKduR@ce (8).
gas (2) to flow over its surface to evaporate the

6. 'ﬁf I:z:latt I \écgclalll %tljllf]lér‘th %Qd@%ﬂgedgﬁvd&‘{%;gnqa ggl (%fsﬁgfl*ée'd tod(he wet side of

thenkﬁea, for causi ng

7. The plate of claim 1, wherein the wet side includes a wicking surface (8).

8. The plate of claim 1, wherein the wet side includes channel guides (7) to channel the
working gas.

9. The plate of claim 8, wherein the working gas flows in adirection other than toward the

edge extension, and wherein the evaporative liquid flows under the channel guides to reach the
edge extension.
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excess evaporative liquid to drip off the plate;
wherei n the edge extensions extend beyond the edge of

w0 b@slogmsl t r ansfer areas of the plates for a dPGI/ERES/005441
at least the distance between the plates. 11. The
i ndirect evaporative cool er of 4gl ai m 10 wherein the
plates are oriented generally vertically and the edge
extensions are |ocated at the bottons of the plates.
12. The indirect evaporative cooler of claim10
wherein the plates are oriented generally

10. hophzdivead dvaporadive EBSlet ESthpRHg: evapor ative cool er of
claim10 wherein the plates are slanted downward in

ch di ti f t i 4. The indi t
= oG of SR FBEE Seedrar RS RidRi S e
: . axi t h
o arf 50U ARk LSS Rsby 08 SRR Bt A5 B o atow a prouc
fluid diafsoiten pyver aclrit dransfer gregiomits4urfogfer ei n the pl ates
include a wicking material (25) on their wet sides.

a welbide Th®) dd¥ine@Gb haVaROE@FH et ®Qlafrev@boratid Muld(22), and formed to allow
irection ot hec{-and

A WO ereiq%éheﬂmorkln gai flows in a g t he
% 93070 PR Ve e SUkas S eypRoma G e S e tive nd
evaporative liquid flows under the channel guides to

an e%giei@!?er‘s ) é@g?o%tdeﬂfsciqg:ggqe gf7 eE\%ﬁe '&Qbﬁf%ee hpe1at ttrggsfer area, for causing

porative Ccooler o m 10, érein a
excepnevapgetiye fipditagrineffetheMaten their wet si des.
wherein the edge extensions extend beyond the edge of the heat transfer areas of the plates for a

distance at least the distance between the plates.

11. The indirect evaporative cooler of claim 10 wherein the plates are oriented generally

vertically and the edge extensions are located at the bottoms of the plates.

12.  The indirect evaporative cooler of claim 10 wherein the plates are oriented generally

horizontally.

13. The indirect evaporative cooler of claim 10 wherein the plates are slanted downward in each

direction from a center axis.

14.  The indirect evaporative cooler of claim 13, further comprising a trough (23) located at the

center axis, the trough containing the evaporative fluid.

15. The indirect evaporative cooler of claim 14, wherein the plates include a wicking material
(25) on their wet sides.

16.  The indirect evaporative cooler of claim 10, wherein the working gas flows in a direction
other than toward the edge extensions, and wherein the evaporative liquid flows under the channel

guides to reach the edge extensions.

17.  The indirect evaporative cooler of claim 10, wherein the plates include a wicking material on

their wet sides.



