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EVAPORATIVEHEAT?XCHANGER 
John T,Fisher,Indianapols,Ind,assignortoStewart 
Warner Corporation,Chicago,I,a corporation of 
Virginia 

FiedSept.13,1957,Ser,No.683,786 
7Claims,(CI?62?314) 

Thisinventionrelatesto animprovedevaporative heat 
exchanger,In this class of heatexchanger,liquid is 
evaporatedintoanairstream which fowspast oneside 
of a heat exchanger wal so asto coola fiuid on the 
otherside ofthiswal,Theprinciple ofevaporationmay 
be used either to coolaliquid which contacts a heat 
exchange Surface,orin an aiternative arrangement to 
coolairwhichinthisinstanceisincontactwith the heat 
exchange Surface? 

In the priorartheatexchangers ofthistype,the cool 
ingliquidis usualysprayedthroughappropriate nozzles 
intotheairstreamasitentersthe exchanger,Evapora 
tion occurs because the liquidis broken up into smal 
droplets?Alofthe droplets donotevaporate,however, 
and Some passout of the exchanger,whereitisusualy 
customaryto have bafesorwatereliminatorstotrap or 
conserve the liquid,Areservoir anda pump are also 
required tosupplytheliquid used forevaporation?The 
fiuidto be cooledflowsthrough passageslocated onthe 
otherside ofthe exchanger? 

Other evaporative exchangers attempt to retain the 
evaporating liquid against the heat transfer Surfaces 
through the use of bafies ormaterial such as excelsior? 
Obviously,thistype of construction wil contain water 
only bygravityandthuscan be usedonlyin oneattitude? 
Accordingy,a principalobject of thisinventionisto 

provide animprovedevaporative heatexchangerinwhich 
a coolingliquidis retained within the exchangerregard 
less oftheattitude ofthe exchanger? 
Another objectistoimprove controlovertheamount 

of coolingliquid evaporatedin an evaporative heatex 
changer? 
Another objectis to provide means for evaporating 

substantialyal ofthe evaporatingliquidin an evapora 
tive heatexchanger withoutlossin eficiency occasioned 
bydropletsfalingintothecoolingairstream. 
Another objectisto provide improved meansforre 

taininganevaporatingliquidina coolingairstreamfow 
ingathigh airvelocities untilthe iquidisevaporated. 
Another objectisto provide improved meansfor re 

tainingan evaporativeliquid withinan evaporative heat 
exchangerwhich meansis notsubjectto organicattack, 
corrosion,orchemicalattack,as would bethe case with 
certainmetalsand naturalsponge-like materials? 
Anotherobjectisto provide a meansforretainingan 

evaporatingliquid against a hot heat exchange Surface 
whilethe liquidis being evaporated? 
Apreferred embodiment of the evaporative heatex 

changerofthisinventionemploysan outer casingwhich 
enclosesa multipass heatexchanger ofthe plate and fin 
type orothersuitable core construction?The core de 
fnesa plurality of stacked passages forthe fuidto be 
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cooled,Each oftheforegoingfuid passagesis Separated“ 
from theadjacentfiuid passages by an intervening pas 
sageforcoolingair? “ 

In a frstembodiment,two Separated layers of wick 
materialare disposed within each cooling air passage 
andin contact with the hotexchange Surfaces defning 
afiuid passage?The layers of wick material communi 
cate with-a source ofliquidin Such a manner thatthe 
Hquidiscarriedtothe surfaces ofthe variouslayers of 
wickmaterialadjacentacoolingairstreamfowingthere 
between?Thisairstreamevaporatesthe liquid contained 
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within the wick1ayers?The resulting evaporation of 
liquidlowersthe temperature ofal of the iquid con 
tained bythe wicklayers?This action causesthetem 
Derature of theliquid which contacts the hotexchange 
Surfacesto belowerthanthetemperature ofthe supply 
liquid?Because of this lower temperature,relatively 
nore heatis removed ortransferred from the hotex 
change Surfaces? * 
Inamodifed or secondembodiment,each ofthe wick 

layersis centraly disposed within a diferent cooling 
air passage?The liquid supplied to the various wick 
1ayersis distributed eveniythrough the wickmaterial? 
This liquidis evaporatedinto the cooingairstreams, 
therebyloweringthe temperature of the air whichisin 
contact with the hot heatexchange Surfaces? 
The foregoingexchanger structureis capable ofre 

taining the coolingliquid within an exchanger casing 
regardess ofthe attitude ofthe exchanger,Inthe event 
the exchangerisinverted,the wickretains the liquid by 
capillary attraction and in opposition to the forces of 
gravity. 

In orderthatalofthe structuralfeaturesforattain 
ingthe objects ofthisinvention may be readiy under 
stood,detailedreferenceis herein made tothe drawings 
wherein: 
FIG.1isa planview ofa heatexchanger constructed 

inaccordancewith the principles ofthisinvention; 
FIG.2isan elevation view of the exchanger shown 

in FIG.1with portionsofthe casingthereof beingbroken 
away soasto show generalythe internal construction; 
FIG.3isanelevationviewtakenata90°angletothe 

viewshownin FIG.2,with portionsofthe casingthereof 
being brokenaway so asto show generalythe internal 
construction; 
FIG.4isafragmentaryview ofthe brokenawaycircu 

1arsection ofFIG.2andshowingtheinteriorexchanger 
detais of afirstembodiment, 
FIG.5isafragmentaryview ofthe brokenawaycircu 

1arsection of FIG,3and showing the interior details 
ofsaidfrstembodiment; 
FIG.6isafragmentaryview ofthe brokenaway cir 

cular section of FIG,2 and showing the interior ex 
changer detais of a Secondembodiment, 
PIG.7isafragmentary view ofthe brokenaway cir? 

cularsection of FIG,3andshowingtheinterior detais 
ofsaidsecondembodiment;and 
FIG.8showsanalternativearrangementforSupplying 

evaporation coolingliquidtothe heat eXchanger Struc 
tures oftheforegoingfigures? -,- 

Referringtothe heatexchangershownin FIGS.1,2 
and3ofthe drawings:Outer casing10 enclosesthein 
ternalstructure ofthe exchangerashereinafter described 
indetai,The fuidto becooledentersinletopening11 
and1eavesfrom outletopening12?Adapter.13 defines 
inlet opening11,and adapter 14 defines outlet open 
ing12? - 

The coolingair orgas enters inlet opening15 and 
1eavesfrom outletopening16?Adapter17 definesinlet 
opening15,andadapter18defnes outletopening16? 
The fuidto be cooledentersinlet opening11,paSSes 

throughadapter13andinto hotfuidpassages29(FIGS? 
2and3),Passages20are shown as havinga conven 
tionalplateand fn construction?These passages,how 
ever,may have otherkindsofextended Surfaces,orthey 
may be plain ortubularas dictated by particular heat 
exchange requirements? 
Coolingairentersinlet15,passesthroughadapter16 

andthe coolingair passages21(FIGS.2and3)?The 
structural detais of the internal eXchanger construction 
forthetypicalsectionsenclosedwithin circle Sections23 
and24of FIGS.2and3,respectively,areshowninthe 
circularsections23aand24a.of FIGS.4and5?Bach 
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coolingair passage21 issandwiched between a pair of 
1ayersorsheets of wickmaterial28. Eachiayer of wick 
material28is heldin place with ascreen orothersuit 
ableopenmeshtype material29. - - ? 

A plurality of perforated tubes30 are embeddedin 
each layer of wick material28?The network of tubes 
30(FIG,1)Suppies a iquid for evaporation to the 
Various wick layers28,The iquid passingthrough the 
Derforationsin tubes39causesthe surfaces 31 exposed 
to the cooling air to become wet?The iquid then 
evaporatesinto the cooling airstreams fowing through 
passages21?The iquidalsotendsto distribute evenly 
through the layers of wick material28,thereby contact 
ing the hot plates32 defning the passages 20 forthe 
fuidto becooled? 
The evaporation of iquidfrom the surfaces31Iowers 

the temperature of al of the liquid in the wick1ayers 
28,thereby causingthetemperature ofthe liquid which 
contacts the plates 32to be lower than the temperature 
of the liquid thatenters the wick materialthroughthe 
Iperforationsintubes30,Because ofthislowertempera 
ture,relativelymore heatis removedortransferredfrom 
the hotsurfaces of plates32andinturnfrom the fuid 
passingthrough passages20. Because coolingliquidis 
maintainedin wick material28 by capilaryattraction,it 
isimpossibleforthisliquidtobereleasedindropletform 
into theairstream solongasthoseportions ofthe wick 
layers28 adjacent the airstream of passages21arenot 
Saturated with liquid, 
The structural details of asecondinternalexchanger 

constructionforthetypicalsectionsenclosedwithincircle 
Sections23 and 24 of FIGS.2and 3,respectively,are 
shown in the circularsections23? and24ö of FIGS.6 
and 7?The internal exchanger construction of the Sec 
Ondembodimentisgeneralythe same asthatshownin 
the frstembodimentof FIGS.4and5,with the excep 
tion thateach layer ofwickmaterial34isdisposed cen 
traly within the associatedair fow passage21?With 
this arrangement an interveningspace appears between 
the adjacent layersurfaces of wick34andthe plates32 
ofthe passages20, 

In operation,coolingair travels through passages2?? 
The liquid supplied to the various wicklayers34from 
Derforatedtubes30isdistributedevenlythrough the wick 
1ayers to the outer surfaces adjacent plates 32,The 
liquidthenevaporatesintothe coolingair,therebylower 
ing the temperature of thisair whichis alsoin contact 
with the hot heatexchange plates32,Accordingy,the 
coolingairfowingwithin passages21iscapable oftrans 
ferring more heat because of the step of temperature 
lowering through evaporation?It should be noted that 
in the Secondembodiment the evaporatingliquidis con 
tained by the wick materia and,therefore,will not be 
lostin unevaporated drops to the air stream as would 
be the case in the event that this liquid were sprayed 
from a nozzle into thissame air stream? 
FIG?8 shows alternative or supplemental apparatuS 

for Supplying iquid to the various wick layers of the 
internal exchanger embodiments hereinbefore described 
in detail?This liquidsupply apparatusis preferablyas 
sociated with the heatexchanger casing10in ageneral 
mannershown bythe brokenlines36 of FIGS.1and2, 
which generaly outlines a liquid reservoir the details 
ofwhichareshownin FIG?8? 

In FIG.8awickarrangementisshownin whicheach 
wick Iayeris spaced from the associated plates of the 
fuid passages20in the detailedmannershownin FIGS? 
6and 7?It should be noted,however,that the wick 
1ayers34are extended by means of wick portions37 So 
thateachofthe wick1ayerscommunicateswith the liquid 
mass38containedwithinliquidreservoir36,The capil 
laryaction ofthe wickcauseseach wick layer34to be 
come moist throughout,Accordingy,these layers are 
capable of Supplying moistureto the coolingairflowing 
through passages 20?Filtube 39,whichis normaly 
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closed by cap 40,communicates with the interior of 
liquid reservoir 36,wherebythis reservoirmay be sup 
phedwithliquidasrequired, 
The wick material for the heatexchangers hereinbe 

fore describedis preferably fabricatedfromaninertand 
fireproof substancesuchasfibergass,Forexample,the 
fibrous sicainsulation material manufacturedand sold 
by H.I.Thompson FiberGlassCompany of LosAngeles, 
California,under the trade name“Refrasi”is highly 
Satisfactory as wick material for the novel heat ex 
changers described herein, 

It is to be understood that the above-described ar 
rangementsareillustrative of the application ofthe prin 
cples of this invention?Numerous otherarrangements 
nay be devised by those skiledin the art without de 
partingfromthescope oftheinvention? 
Whatisclaimedis: 
1?An evaporative heatexchanger comprising a heat 

exchanger casing,means disposed within said casing de 
fininga plurality of hotfuid passages witheach ofsaid 
fluid paSSages being Spaced from an adjacentfuid pas 
Sage by aninterveningcoolingairpassage and witheach 
fuid paSSage preSentinga heatexchange surface to each 
of the adjacent cooling passages,a layer of wick ma 
terial centraly disposed within each of said coolingair 
paSSages With each layer being Separatedfrom theadja 
cent heat eXchange Surfaces,means for Supplying cool 
ingairto each of said cooling passages,and meansfor 
SUpplyinga coolingliquidtosaid wicklayersfor eyapo 
ration bysaidcoolingair? 
2?An evaporative heat exchanger comprisinga heat 

eXchanger casing,means disposed within Said casing de 
fininga pair of hotfuid passages with thefiuid passages 
beingspacedfrom one anotherbyaninterveningcooling 
fuid passage and witheach hotfuid passage presenting 
a heat eXchange Surface to Said coolingpassage,alayer 
of wick material centraly disposed within Said cooling 
fuid paSSage and Separated from the adjacent heat ex 
change Surfaces,means for Supplying cooling fuid to 
Said cooling passage forfow between the centrally dis 
DOSed wicklayerandthe adjacentheatexchange Surfaces, 
and means for Supplying a coolingliquid to said wick 
material for evaporation by said coolingfuid. 
3?An evaporative heat exchanger comprisinga heat 

eXchanger casing,means disposed within said casing de 
fininga plurality of hotfuid passages with the fuid pas 
Sages being Spaced from One another by an intervening 
cooling fuid paSSage and with each hot fuid passage 
PreSentinga heat exchange Surface tosaid cooling pas 
Sage,a single maSS of wick materialdspoSed within said 
cooling paSSage and being removed from at least one 
of Said heatexchange Surfacesto define a coolingfiuid 
flowpath therebetween,saidmass of wickmaterialbeing 
the Only wick materialin Said cooling passage,means 
for Supplyingcoolingfuidto Said cooling passage,and 
means for Supplyinga coolingliquid to Said wickmass 
forevaporation bysaid coolingfuid? 
4.The combination of claim 3 in which said liquid 

SUpply meansincludes one or more liquid Supply pipes 
embeddedwithin Said mass ofwickmaterial? 
5.The combination of claim 3in which said liquid 

Supply meansincludesa liquid reservoirand additional 
wick materialcommunicatingsaid mass of wick material 
with saidliquid reservoir, 

6?In a heatexchanger,a plurality of holow heatex 
change membersin paralelpositions?a plurality of wicks 
Positioned between and spaced from the heat exchange 
nembers,themembers and the wicks being Soconstruct 
edasto definefuid passagestherebetween,meanssupply 
inga fuidto be cooled to the interiors of the heatex 
change members,meansforSupplyinga liquid coolantto 
the wicks,and meansfor passinga coolingfuidthrough 
the paSSages? 
7?In a heat eXchanger,a plurality of sheet-like heat 
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exchangermembers,a plurality of sheet-like wickseach 
positoned betweenapair ofthe heatexchangemembers 
and Spaced from both ofthe membersto defne coolant 
fuid paSSagestherewith,a casingenclosingthe members 
andthe wicksand havinga pairof aligned coolantfuid 
openings in opposite sides thereof communicating with 
the ends of the coolantiuid passages,the casingalso 
haying Openingsfor fuidto be cooled connected tothe 
oppositeendsofthe heatexchangemembersandextend 
ingatrightangles relativetothe coolantfuid openings, 
and means Supplyingaliquid coolant to the wicks? 
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