-1- PLATE HEAT AND MASS EXCHANGER W TH EDGE EXTENSI ON
BACKGROUND OF THE | NVENTION U. S. Patent No. 6,581, 402,
i ssued June 24, 2003 and U.S. Patent No. 6, 705, 096,
i ssued March 1.6, 2004 provide useful background for
this application. Field of the invention: The present
invention relates to plate heat and nmass exchangers
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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 certaln

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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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 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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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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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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In practice, edge extension le'ngths 21 of 1/2 inch and 1 inch work very well in causing excess
evaporative liquid 22 to drain. With plate spacing of around 0.125 inches, edge extensions of
substantially under 1/4 inch do not work as well (1/16 inch does not work at all with this plate
spacing). However, with tighter plate spacings, edge extensions of a small as 1/8 inch are
expected to accomplish the goal of efficiently removing excess evaporative liquid. Edge extensions

substantially longer than plate spacing work best.

Figure 3 is a side view of a second embodiment of the present invention, very similar to that of
Figures 2a and 2b, but having straight edge extensions. Much of the discussion related to Figures

2a and 2bis relevant to this embodiment as well.

Edge extension 20 in the embodiment of figure 3 extend straight out, rather than curving away
from wet sides 10. This design Is easler 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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M:gratrGr'?BiJ é&b&oﬁ*@tl\fe' IQ@[EI Dapgér &5*}@! Lﬁc?eﬁ%rls @Eéo%pﬂschea ag\ﬂf&IBWE‘QPlates 6 are
formed e 'Ha‘ﬁ'?ajé? %é’é‘egg’dgé"aé‘}&aé s 'awgfr?f*sagw 5 qyagorative

liquid 22n¢hr @aple, plateh Swopkt bedfoymededfipolyathelos targing 26 @ps:ellulose fiber

paper ﬁvapﬁfeaﬁ'j‘é@ts ak ng&ln?ngattQ'laqj hididhg IM\LIHQZRJnQEﬁch%WbQQeM and out to
ext efisi ons of substantially

edge exjrERnS. 2%‘2{ ‘?fﬁi!%“"?jggﬁwfs Qtbonehs st | (1/16 inch does

not work at all with this plate spacing). However,
Figure fistshper$rghiiverangisahematip sepiresgrtatiotigla toxrtaregiborigient ofgthe present
.nvem.&ﬁw.th tﬁespnat/e8 61iM& Rerditg oriéntRRsml &l mm@%@e@m é&ﬁ dchsigRako

L ent V.,Ng exce
worongggcil, bbbl SER ML SRRET 5 YRR Y| Bt won e
side cheyalsi4n Gvanorakive bayid flawsglewe cBaringls & fsord ehevnoewn@fin@ﬁ féedard

extens,gmpgﬁ&mgboggmt he present Invention, very simlar to
that of Figures 2a and 2b, but haV| ng strai ght edge

Figure g)gt gﬁdépggﬁle aMJQ e atl ?rgkﬁ%Hg‘ébPa{]%ﬁﬁLﬂEgﬂmgrq {F'tgéjé Sent

evant g |
inventicn wEh g iMeazd derion Rl hawBBan IREAraIGPT plgisecsedggeipgsions 20 The
embodlﬁteﬁﬁdfg*t}ur@ﬁlis, préfatabBrfoinvarof @ BoNd Blockasfaysingle meis sush deextruded

alummurrf T._le] (!Ie%lgq ?%A&Qnté&efgé%ﬁ thg %laftéasku"h thﬁdetr Iggrge Engssdﬁﬁh 38 when

nove exc
the mdwapmmt%cwlecn'ﬁprséwéqd t han conventi onal pI ates
wi t hout edge extensions. Figure 4 is a perspective
In someappliccihendfitheinvepivesknplaes 6randfpaetshi mdy beriutiednent ofgigid

matenayﬁdp&seﬁ ﬁwm' ﬂlvs‘%u@ﬁ k%@s th‘étdla{tészé BAd Bla&%ﬂée‘?f 7fn{ We extruded in one
n an aVln | ant ed e extensl o

plece syign SR REIBUIRT BIGEE RAFFRATS 2 SRR § ot NS ERMREYEd to have
a largeropeniag siibe 2dgdso teefacilitate dxeess linkid @2 alrippige nfr ah¢ gvaporative (wet) side
of the ﬁ?@cﬁ@“) &g uxre?ﬂ;ucwr@% tllaﬁ}e mb&ﬁtedii @‘@ttr*bQ{éSovelT itﬂsesﬁﬂig@

s S e B e R g e e gt the
surfacedif h @Gitértihsuah e aluivam deating d widksuddgee ext ensi on - 7-
(perpendicul ar in the embodi ment of Figure 4).

Hydropﬁ}{cathWa@és' MfRehlab Qe cHbein Sitsl Pdt. R6.28,56 81865 $d MigisslRABINGlcen Bet as
roug W ck material 8, and m grates via w cking

W'Ck'“gﬁHﬁ%Cre ‘channel guides 7, so that excess liquid travels

to edge extensions 20 and drips off.. Mgration of
Figure %ig apendeytvaway ivigwi of aztheraleqdinasiia o e ryaseak iventos, in which plates 6

slant doWnRAIkdrs Beehtasadisv| A a¥egh A3 @hesnstevagdrative 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.



formed of a wicking material 25 backed by a materia
24 that is inperneable to the evaporative |iquid 22.
For exanple, plates 6 m ght be formed of pol yethel ene
coating 24 on cellulose fiber paper 25. Paper 25 acts
as a w cking material, mnckk{g l'iquid 22 under channe
guides 7 and out to edge extensions 22, where liquid
Th 2. dr.i 5 e ecti
ose glglg it ﬁu% a?t{ ctf lf?JlreEtj'E%a;mﬁ?tgvt% ool'i:ng%%t%ps \A)llfrﬁcoéﬁb ggnous CK%rfges and
mod'f'qaﬁe"w@%?ﬂn be.w’é 2 FSrexemplaty embedigleatseiogn apd gescribed above, which
are stil\eitHih el spDit Ia@dltdﬂ»be 6fthe ivantishy il &lsExle@hd e@%%ns on the heat

exchangéldaqﬂgagﬂgnngas% Eéﬂ?aong C Frefalo\P/tlﬁe é ?ts Qr‘i&a ;la.sgpsls{gxa evapo*at:ve fluid in

drainginp@ibe elaies- si de channels 4. Evaporative liquid floms
down channels 5 fromthe top and drips off edge
extensi ons 20 at the bohkdtoqniaiegisie 6 i s a perspective
and schematic representation of a fifth enbodi ment of
the present invention, with an integral design and
having an integral formof slanted edge extensions 20.
The enbodi ment of Figure 6 is preferably forned of a
solid block of a single material, such as extruded
alum num This design is advantageous when the plates
wi |l be under sonme stress, such as when the indirect
evaporative cooler is pressurized. In sone
applications of the invention the plates 6 and spacers
7 may be fornmed out of rigid materials such as
al um num In such cases the plates 6 and pl ate spacers
7 may be extruded in one piece such as shown in
Figure 6. The edge extensions 20 of plates 6 are
preferably tapered to have a |arger opening at the
edges, to facilitate excess liquid 22 dripping 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
acconplished with either flocking material or by
etching the surface of a material such as al um num
creating a wi ck surface. Hydrophilic surfaces, such as
described In U S. Pat. No. 6,568,465 to Meissner et a
can act as wcking surfaces. Figure 7 is an end cut
away view of a sixth enbodi nent of the present
I nvention, in which plates 6 slant downward froma
center axis. A trough 23 contains evaporative liquid
22 for wetting the plates. Generally a w cking
material 25 (see Figure 4 for an exanple) draws liquid
22 fromtrough 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 sl anted edge extensions simlar to those
shown in Figures 2a and 2b.



-8- Those skilled in the art of indirect evaporative
cooling systens wll recognize various changes and
nodi fi cati ons which can be nade to the exenplary
enbodi nents shown and descri bed above, which are
still within the spirit andgcope of the invention. In
all cases, edge extensions on the heat exchanger
pl ates extend past the he nsfer area of the
pl ates and assist the evag%ﬁgﬁlve fluid in draingin

‘ 0 he pl ates. t Is claiped is: -9- CLAIMS 1. A

L bt BeRndih B AR R i s e oS FRAFb O, the plate

compriggipor at i ve cooling system the plate conprising: a
dry side (9) having |ow perneability to an evaporative

adry skdeQQ') Khvindddw Q%eﬁﬂﬁtV@@ ak QVa@HaQVé Puity @%‘Sﬁd fokrinkid €b a(lfb)/v a product

er .area of its surface;
”Wd‘vg?”gfaémfﬁfﬁf"aEﬁ?éﬁﬁﬁﬁﬁa5H§V§ its surface wet by an
evaporative liquid, and forned to allow a working gas
a wet 5(1023) 1phdgsigpgd &,@veiiqs§u§wp/\@é &Y 86 exapgpsivadiguid,ipad formed to allow a
workin@Y&@) & flove oldrasistifacand edporAlg hetaiiapovati@iquid®ind or med
at the edge of the plate, beyond the heat transfer

an edg@%?t@ns&gno(rzos:ﬂ#ﬁb%gt LP@%Q%{OQ‘F the/ B@R&r PEyo\ﬁg thé %ét Qrakgeg%rég for causing

erel
excess @URROrAiE dpdd thdrin pihe p&\f\%y fromthe wet side. 3. The
plate of claiml1l forned as an integral piece of a
single material. 4. The plate of claim3 wherein the
material is alumnum 5. The plate of claim4, wherein

2. tRepMetofSdif 1) Whdr ke @ge eRehQ6MR18pesiabiy RBmSHHE hae Side.
(8). 6. The plate of claim3, further conprising a

qﬁﬁﬁr e of the

> 3%§F%QQ§ éfgkg%ggo r&%ﬁgﬁﬁfggmh 8Mﬁﬁmﬁtgmet si de
includes in urface 8. The plate of claim

4. i?eﬁh@ﬁgl "Pﬁ %WE? @F@@“Vﬁ@?ﬁb5§“Whannel guides (7) to
channel the working gas. 9. The plate of claimS8,

5.  vihepleferpftchiém diowhdreip theawetfsidgugstextured i for aivdekingt sweface (8).
than toward the edge extension, and wherein the

6. U@ plateadsiclam B fykther Johwﬁngmdrejkmg heatetad (8) aktaghtiddeshé aet side of

thepm&FaCh the edge extension.

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 a direction other than toward the
edge extension, and wherein the evaporative liquid flows under the channel guides to reach the

edge extension.



-10- 10. An indirect evaporative cooler conprising: a
plurality of generally parallel, spaced apart plates
(6) wherein each plate has a dry side (9) having | ow
permeability to an evaporative liquid (22) and forned
to allow a product fluid (49 to flow over a heat
transfer area of its surface; a wet side (10) designed
to have its surface wet by an evaporative liquid (22),
and formed to allow a working gas (2) to flow over
its surface to evaporate the evaporative |liquid; and
10. @R ieilge SAfEPledol?mdrisihgred at the edge of the
pl ate, beyond the heat transfer area, for causing

[ [ I €,
@ luralfy GEERCAITBRATY el apltl Bale® R s M PhE Sige o
a dry siHO@)aRhg IdnaRsiedbilRy 8o Qhpdrieveinaities2) Mid farmedi 18taA6E € product
fluid (lﬁ~I éleaStert fg]e t Igts%rr]creea%?ttgvseu?a etz'he plates. 11. The
Hid LY et 8VED oY BE IV EE S0l et 6 “cl ai m 10 wherein the

plates are oriented generally vertically and the _edge
a wet sgg EQ<lesiggedicdave Ea pEHca et HeahRPYREvolidude 2h|2ge &y med to allow
a workidg gas (The flowdoverGts senfapas atdpuate el evaparitivel ligbid) 4nd

wherein the plates are oriented generally

horizontal ly. 13. The indirect evaporative cool er of i
an edgecgxgnsion 2 ifarragchatt the edgenf dle plpta, kgvand B healWHaRN® ar¢f, for causing

excess BvApBratitk i foQftipl JFOMhe lagent er axi s. 14. The indirect
evaporative cooler of claim13, further conprising a

whereint tﬁlg ;ég% ef)(ﬁé)siohg &a ﬁcgbeé%nc} {Plg e??eﬁ%t.ﬁé lfgﬁ.(tit nsFe_p @re_tclg 91“191'@ plates for a

co n e e%a orative e I ndirect
distance gt &9 @%étaﬁ‘é?otreé‘f’e%‘fth%P'éﬁeﬁﬁ 14, wherein the plates
include a wicking material (25) on their wet sides.
16. The indirect evaporative cool er of claim 10,
wherein the working gas flows in a direction other

11. tr'ﬁ@iﬂditf&}’\@\ra‘é}ofa!ﬁee @tg&fﬂ‘ o YhigNR @ﬁlﬁ‘eiﬁ andpludae Ellﬁéi d}ieh_hzg genetzrally
___evaporatjve |igui ows  under the chann gui des to
verdcay R W st oPie 2 5 ol SRR HEte
evapor ative cooler of claim 10, wherein the plates
12, Theindichst evanpeaikive goaiertof il 1mherein dhe plajes atg qiiegted 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.



