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Evaporative cooling has been in cxistence since the pharaohs in Egypt had llav¡s
i"nåing the air tõwards them over containers of water. In the drier rcgions of thc

united States, like the southwest, evaporative cooling is the common mode for
comfort cooling in all types of facilitiei. Saving 60'9096 clectrical cncrgy is quite a

normal result of this teðhnology. However, in the higher humidity areas cast of the

Rockies, it was not considered efficient enough to utilize. Developments in the past

three years have improved the efficiencies of evaporative technology by close to
50%. iherefore, all ¿limates can no\¡/ use this tcchnology to save valuable encrSy

dollars and attain a condition only previously associated with mechanical cooling.

INTRODUCTION

The development of the fluted cellulosc and fiberglass media -vs ttre old aspen and

seltzer pads havc cnhanced dircct cvaporativc efficiencies by better than 35%.

Being able to impregnate a water-holding material of fibcrglass and mylar on an

aluminum heat .*.tr"-ng.r plate has incrcÃsed the cfficiencics of indirect cooling by

45%. Two ycars ago ; chtmical trcatment applied to a polymer platc provided thc

,"-, type äf subsirate on a plastic hcat cxchanger plate increasing the eff iciencies

by 40%.

the t\r'o improvements of close to 50% in evaporative tcchnology, one

comfort conditions in any facility in any geography throughout NorthBy combining
can achieve
America.

Slowly, an cducation of thc cnginccrs cast of thc Rockics has bccn occurring and

wc are norv sccing implemcntatioln of this technology in 
-thcse 

highcr humidity areas.

Scvcral companies 
-havJ alrcady rcccived utility savings of ovcr $400,000 annually by

implcmcntation of this advanccd tcchnolo-gy.

DIRECT EVAPORATIVE COOLING

Evaporativc cooling opcratcs on the diffcrcncc betwccn thc dry and thc wct bulb'

iypîcatty, a diffcicntial of lO-l5oF will occur during thc early morning, cscalating

to a 35-50oF diffcrence by thc latc ¡fternoon hours, rcccding to the l0'l5oF
diffcrcntial by rnidnight. Prior technology's utilization of aspen pads, straw-, lincd
mctal, dipping- pads, sãltzcr pads, and otñir typcs could bring thc dry bulb closcr to
thc wct bulb by only a maximum of 55%.
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In the Montreal area where thc ASHRAE summer dcsign is 83/ii, thc best àttain-
ment. on a design day previously was 78-79oF. In ordei to keep peoplc comfortable,a wind tunnel environment would be required. However, the dóveiopment of thefluted media cnhanced the efficiency to 90% or for practical consideiations, within
loF of the wet bulb. Going back to the Montreal cxamplc again, no\¡' onc can attaina maximum of 74oF on the worst condition of thc summer. In iact, bctter than 90%of the summer direct cvaporative cooling will providc lcss than ZO.i" air. A gain of
better than 20% in a given technology is considcrcd major. Howevcr, herc we harrc a
gain that cxceeds 35%.

Direct evaporative cooling trades the latent heat of vaporization for sensiblccooling. This is accomplished by recirculating *,ater ovcr this revolutionary mediawith a fractional horsepower submersible pump, whilc outsidc air blows through this
media with a low pressure drop resistancc of less than 0.25".

Psychrometries show a constant enthalpy adiabatic process that goes straight
wet-bulb line. Yet this now effective comforr cooling is accomflished foi
cnergy compared to mechanical cooling.

Several other developments enhanced the lifc cxpectancy of thc media, which shouldlast a minimum of 10'12 years. The first and sccond of these is itr" use of an
orif ice header spraying upward, deflccted by a clamshell cnvelope, forming a lakcover an imprcgnatcd mcdia distribution pad. Thc impregnatcd mcdiá distribu-tion padprotects the media from liquid abrasion and crosion, along with providing an cr"nliquid flow through 10096 of thc mcdia. Thc usc of ttre uplard liquid sprù prcvcnts
plugging from the heavier sotids which will scttlc on it e bottom ol thc hcader.
Twicc a year these can be casily removed with a tube brush

It is very critical to havc a constant liquid flow throughout thc complete bed andnot to have any liquid irrigation rate deviation. Thc usè of the convtntional spray
nozzles produce a fluctuating irrigation rate. Sincc thc cvaporation of water crð"t",solids, these solids can cithcr plug thesc nozzlcs, or bi a sandbtasting cffcct,
enlarge the orifices. Therefore, units using spray nozzles should havc thesJ headers
replaced quarterly-biannually, depending upon thc hardness of thc watcr beingutilized. Obviously, this fluctuation does not occur with thc upward headcr-clamshcll
design.

The third and most critical item is the bleed. lVhat is the bleed? Again we rcpeatthat the cvaporation of watcr incrcases thc sotids conccntration, so ii onc docs not
compensate for this, cvcntually onc will bc rccirculating a slurry. By blowing down
lnd making up a propcr amount of Ìvater to compcnsatc for thc citra solidi bcingformed, thc liquid being rccirculatcd stays a liquid. Normally- onc will blow downabout 3% of thc rccirculation ratc if rclativcly ðlcan watcr ii- Ueing uscd, likc city
\+'atcr. l-th wcll s'atcr or rcal brackish varictics, onc will blow doln about 6% olthc liquid recirculating rate. Thc formcr practicc for controll¡ng thc blecd is todrain thc appropriatc amount from thc linc rcturning thc liquid to the sump to astorm drain. A needlc vatvc was uscd to throttlc th¿ propcr amount. Unfortùnatcly,solids would gct bchind thc necdlc, rcstricting thc ftów and .cvcntualty thc blccd
ccascs. By using an air prcssurc flagctlatcd flow mctcr, whcrc no conttól parts arc
contacted by thc solids, thc btccd stays at thc propcr ratc and docs not lluctuatc.This typc of bteed regulator costs thrte-fivc timås morc than an inexpcnsive needlc
valve, but is a major key in dcsign.

up the
90% lcss
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Other items, like using stainless steel or f iberglass materials f or construction of the

sump and the housing, are important but not as critical as the three aforcmentioned
entities.

In most cases, a pint of blèach every 30
large installations a biocide and descaler
incorporated.

days wilt suf f ice f or ìvater treatment. In
injected via a timer will frequently be

INDIRECT EVAPORATIYE COOLING

An indirect evaporative cooling cycle can be accomplished by cvaporating watcr
inside an air-to-air heat cxchanger, thus cooling the cxchanger plate surfaccs-
Supply air passing through the opposite passages of the heat exchanger can then be

cooled without the addition of moisture. Indirect cvaporative cooling reduces thc
enthalpy level of the air and lowers the wet-bulb temperature. This is the quintes-

sential dif ference between the indirect and direct cvaporative cooling cycles. On thc
psychrometric chart the indirect process is a horizontal line running from right to
left, or the same as a mechanical compressor.

The only \yay to accomplish a net change in the energy level of the air is to
incorporate a i heat sink that continuously carries the heat away. On a mcchanical
system this is accomplished with the condenser. On indircct evaporative coolers, an
outdoor airstream, called the scavenger airstream, passes through the wet sidc of
the heat cxchanger, picks up the heat, and then-dischargcs it to atmosphere.

The most common method of achicving indirect cooling has bcen through the use of
a shell and tube heat exchanger, usually constructcd of PVC or mylar tubes with
wettable socks to retain water. This is the cheapest type of heat oxchanger to
fabricate, but has the drawback of low operating cfficiencies. In addition, proper
wetting of the tubes is a major practical problem that has not been solved. If the
heat ãxchanger pipes ate artificially wctted by spraying with a ìvater hose so that
all surfaces are thoroughly wctted, cfficiencies of about 60% are possible. Many
manufacturers actually use this mcthod to rate thc cf ficicncy of their cquipmcnt.
But,' field studies show considerably less than half this efficiency is actually
achieved due to the lack of a distribution systcm that can keep the tubes thorough-
ly wctted.

Recently a high ef f iciency flat plate heat cxchanger u,as dcvcloped with a fiberglass
and mylar film mat bonded to the plate surfaccs. Flat plate hcat cxchangers arc
morc expcnsive, but have triplc thc surfacc arca of thc shcll and tubc typc,
rcsulting in considerably higher cfficicncics. In addition, thc fibcrglass mat acts not
only as a $,cttable sponge, but also as a papcr towel-likc wicking surface that
tapi¿ty sprcads thc s,atcr out across thc platcs, cnsuring thorough covcragc. This is
crucial sincc only thc wctted surfaccs contr¡butc to thc cooling proccss. At thc
Univcrsity of Texas in Austin, thcrc is a tcst facility maintaincd spccifically for
tcsting cvaporative cooling cquipmcnt. Tcsts performcd at the facility vcrificd
cfficièncics in cxcess of tO%, far abovc thc formcr state-of-thc-art shcll and tubc
cxchangers.

An cvcn more rccent dcvclopmcnt, which achievcd nearly thc same high cfficiencics
but with greatly rcduced manufacturing costs, is a chcmically-trcatcd polymcr platc
hcat cxchanger ccrtificd at 7596 wet cfficicncy.
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The psychrometric chart shows this process to be identical to mechanicalwholly sensible. The wet bulb is depressed substantially. Using our Montreal
conditions of 83/73, one achieves an indirect leaving condition of 76fi0.

On applications with large amounts of outdoor air, but where the performance of anindirect/direct system falls short of the minimum required space húmidity levels, theindirect cooler can be made to operatc in conjunction wittr a sccond-stâge *eóhan-ical cooling. Frequcntly the indircct cooler can rcducc thc size of thc mechanicalplant by better than half, but the chicf benefit is the continuous savings in
operating costs.

What makes this combination cspeciatly appealing is that mechanical air condition-ers' running with all or very high amounts of outdoor air, are temperamental andhave unusually high failure rates since they are not really áesigned for the extrcmerange and volatility of outdoor air. with the use of an inOireci precooler, equipmentlife and maintenance operations are increased substantially.

Retrofit applications for indirect prccoolers have -become popular wherc the requircdventilation requirements have been increased. Those arcas of the country respondingto the recent tripling of ASHRAE rccommended ventilation tevcls aie riquiringexisting facilities to conform by updating their equipment. Using indircct 
"r-"por.-tive coolers to precool the incrcased o1 tdoot aii is often less expcnsive thanupgrading the mechanical system and, of course, will operate 'at lowcr cnergy

consumption fates.

When employing an indirect/mechanical systcm, use the building exhaust to scavcn-ger air, if this is possible. System performancc can sometimes bJ doubled due to the
lower wet-bulb temperature of the buitding air verses the outdoor air.

In Chicago, we have seen compressor operating hours of35 with the installation of an indirect modulc before
instead of a ten-year life, we project a 30-ycar lifc.

A project at a hospital in Toronto involved the precooling of 22 cxisting airhandlcrs currently using chilled Ìvater for cooling. Table 2 shows that 2gO toás ofcooling u'as used to process the outside air. it¡c operating cconomics shown on
Table 3 reflect paybacks from the utility savings to bc less than a ycãr in all cases.

TNDTRECT/DTRECT EVAPORATTVE COOLTNG

Thc combination of thc two improved technologies bccome applicablc for all comfortcooling applications, thcrcby allowing all gcógraphics to 
- 
óavc substantiat utilityopcrating bills. By using the indircct to knõck thc wet bulb down and putt¡ng adircct section aftcr it, produccs a discha gc within loF of thc ncw wct bulb. Onc

can casily save 40-90% on thc normal utility bills.

Using thc Montreal dcsign of 83/73, going through the indircct produces a dischargcof 76/70 and finally 
- through thc diicct- scction- rcsulting in a f¡nat discharge of7l/70. Thc lattcr dcpicts thc worst condition, which posiiuty occurs 20 hourJ/sum-

mer. All of thc other lE43 cooling hours witl bc wcll bclow a ?0oF dischargc.

cooling,
design

2480 rcduccd to lcss
the mechanical unit.

than
Now
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Several design tricks allow one to achieve even better results:
Blow-Thròueh Suoolv Blower. This inflates thc incoming dry bulb and also prcvents
heat f rom bcing added to the air previously cooled. This results in a lower dis'
charge of l.5oF in an average application.

APPLICATION STRATEGIES

Facilities that require large amounts of outdoor air to make up for ventilat¡on or
process cxhaust systems, represents the choicest application for ev.aporative cooling.
This is due to the unique nature of the psychrometric process that allows cvapora-
tive cooling systems to use outdoor air without incurring an cnergy pcnalty. What
this means is that when calculating the cooling load, both the latent and sensible
components of the outdoor air load can be ignored.

Additionally, internal latent loads can be ignored
from the space rather than returned to cooling
penalty.

since thcse loads
coils for removal

are cxhausted
at an cncrgy

Also, discharging supply air down low and stratifying hot air at the ccilings, allows
exhaust fans to remove most of the roof load and part of the wall load before it
can reach the s.pace. Such a strategy can reduce the effective building load in half.

The bottom line is that although an evaporativc cooler operating in high wct bulb
area does not pr.oduce air as cold as a mechanical system, intelligcntly deviscd
strategies can cf fectively reduce the real load that must be met to as little as l/3
the load that a mechanical system must confront.

An additional strategy locates discharge air diffusers to cause air movement past

building occupants. This allows higher space temperatures to be maintained with thc
same level of comfort.

INDIRECT/DTRECT WITH HEAT RECOVERY

In areas north of thc Mason-Dixon line, a second payback in the winter can be

obtained by draining thc water from thc indircct scction and now using it as a heat
rccovery modute. In addition to the s'atcr shutoff, thc rcsctting of sevcral dampcrs
is all that is required to accomplish this. The potcntial of cmployee comfort all
year-round for minimal cnergy usage is readily accomplished.

Amp Corporation, thc largcst gold plater in thc world, has initiated this proccss on
14 of their plants. Sincc the winter operation is proccssing corrosive cxhausts, an
cxtra blower is used to throw thcsc cxhausts al'ay during thc summcr operation.
Thcir utility saving payback was l8 months on thc cooling payback and 14 months
on thc hcat rccovcry bcnefit, rcsulting a nct payback annually of E months.

INDIRECT/DIRECT WITH WINTER HUMIDITY CONTROL

It is quitc casy to humidify thc wintcr air with this system. Gcncrally it is a no'
cost opcration. Rccovcrcd heat, hcatcd outsidc air, or building rcturn caD bc
brought through thc dircct scction producing cxact humidity control. Thc addcd
bcnefit, in ad¿ition to utility savings, is 9996 clcancr air. Thc dircct cvaporativc unit
will rcmove tobacco smokc, urea, formaldchydc, and othcr known indoor contamin'
ants.
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The commonly used steam method puts water treatment chemicals into the atmos-
phere and, of course, does no air cleaning. Is it any wonder that direct evaporative
is becoming the state-of-the-art for humidifying hospital operating rooms? A
printout for the Montreal atea shows a utility saving of $3,656 for a 10,000 CFM
air handler. The United States telephone companies have adopted the "Climate
Processor'as the standard air handler to utilize.

In 1991, a technical presentation on the Climate Processor was presented at the
National ASHRAE Meeting in New York City. It won first place for ASHRAE
technology in 1991. This presentation is available upon request.

Some printouts for the Montreal climate show that using direct cvaporative for
humidity control vs steam will save over $3500/year on a 10,000 CFM operation.
These printouts mention certain terms which may require some,Êxplanation.

The column titled 'Adiabatic Outdoor Air' refers to thc amount of outdoor air that
the economizer would usc when operating in conjunction with the adiabatic satura-
tor model. The column "Sensible Outdoor Air" is the amount of outdoor air that a
normal economizer would draw without the Adiabatic Saturator in the loop. In all
cases, the Adiabatic Outdoor Air is less than the "scnsiblc Outdoor Air", since the
process works by using a warmer mixed air temperature than internal building
conditions would normally call for. As the supply air passes through the Adiabatic
Saturator it will be cooled back down to the desired temperaturc so space condi-
tions can be propcrly met. In this manner, thc warm rcturn air is used as the hcat
source that supplies the energy of vaporization for free, in lieu of a typicat steam
system where a boiler supplies thc energy necessary to put moisture into the air. .

The column "Adiabatic Energy Required' is the total amount of heat of vaporization
that can be supplied by the adiabatic saturator proccss under a givcn set of outdoor
conditions. The column "sensible Encrgy Rcquired" is the total amount of cnergy
required to put the necessary moisture into supply air in order to meet the building
RH requirements. The Adiabatic Energy Required is thc cnergy cxpenditure of thc
Climate Processor. The first column minus thc last is thc savings accrued by using
the basic strategy underlying thc C¡imatc Processor design.

BROWN PRINTING

In the Spring of 1991, 1800 tons of mechanical cooling at Brown Printing in rtaseca,
Minnesota, wcre rcplaced with indirect/dircct cvaporativc cooling with s,intcr
humidity control. A preliminary paper on this application uras prcscntcd at thc 1992
National ASHRAE Meeting in Anahcim, California. This papcr also is avaitable upon
requcst. A final paper will bc prcsented at the t993 National ASHRAE Mecting in
Chicago. This application is favorcd to win the 1993 ASHRAE cncrgy award.

Evcn with I E00 mcchanical tons, Brown cxpcricnced indoor tcmpcraturcs of closc to
l20oF during thcir severc outdoor conditions! By the replaccmcnt w¡th indircct/-
direct evaporativc cooling Brown noÌr, cxpcricnces aD indoor condition of E5oF for
596 of thc summcr and well bclow EOo for thc rcmainder. lVascca has an ASHRAE
dcsign of 98/76. The highcst dischargc to datc from thcsc four t20,0OO CFM units
has becn 67oF.
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A projection of $300,000 first summer utility savings utas made. This projection -was

found 
-to 

be in .rror. The first summer rcsúltcd in $426,000 of utility savings. T-his

doc not take into account the 5228,975 saving in s,inter humidification costs that
resulted versus their old steam systems, or the cleaner air inside thc plant.

SUMMARY

The technology of indirect/direct cvaporat¡vc cooling can save substantial opcrating
dollars in ali climates now, duc to an improvemcnt of close to 509b bcttcr cfficicncy
in the tast three ycars. Unfortunately, fcw people east of thc Rockies know this. It
is a matter of educating owners and engineers that this proccss can provide

comfortable conditions in it eir buildings and applications. In addition to no CFCs,

valuable utility operating dollars can no\¡, be saved by using this improved tcch-

nology.
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