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SUMMÀRY

T J of INDr¡c I tl¡ tive Gvaporative cooling isÀusÈralia to provide uged int air cor¡di tioning in dweL Lings- simple indicesof themal comfort such as env ironnenÈaI tenperature ot effective temperaturecJrìrroc be used to assess_ t¡e uternal performance of such dweJ.lings asevaporat.ive coêIing results in signif icantLy hi 9h ì¡unidity levels anCl airrovement. Àn ðlternative approach based on the Predict€d l'lean Vote concepÈdeveLoped by Frnger is suggested as è suitÂble i¡rdcx of disconfort This!rìdex acL-ounes for all iEl¡)rtanÈ eùvirormeDtal fact.ors a¡rd i¡r addiÈion all.owsdynanic modellj-ng of hman responses Lo the themal e¡viroûnent, such as¿djusËing clotl¡ing IeveIs ònd metaboLic r¿te Cqru)uter progr¡rn TEMPÀL isused to predict j.nternal enviroru[ental condit ions withi.n a dwelling. TEMPA.Lis show¡¡ Lo be sufficiènLly accuf¿Ce lor this Irurpoæ -by comlErlng predictions
wi clì moni.tored L-oltditions. Using Ehis technique Èhe thermal condi tions.produced by evùporative and refriger.rtirre cooling plant are cmpared
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Introducti.on

en Àustr¿Iic pour lecon.lition¡rement de I'air dans les lia-bitati.ons_ Les indic€.â sinples du confort.tlrennique Lels (lue La TemlÞtaèture Effective De sont pas efficaces danst'ávaLuation de la performaìce t¡ê¡rmique dÊs .ha-bi tations e$tip6es de telssysuùes, parcequ' ils causent des niveaux é]evés d'hmidiÈé et dÊ rÐuvement d€lrair- fe prósent article prolÐse bcrroBè indic€ appropriá de gône Èbernique<ì.¡ns ôes c¿s une néchodc alternative basée sur I€ voÈe,lloyer¡ prledit. ê6iebppãpdr l¡anger. Ce¿ inèice prend en coniidéËtiù touts le.s .facteurs j¡portants
de lrenvironnenent Urermique, et de plus p6rÌet'de sinule¡ de manièredynanique les réponses hmaiaes a- l. envrronnement , telLès que l€ qha4tênentde l'épaisseur des vâtenents et 1e taux de metalÞlis¡ne. Selon une com¡raraisonerltre ses prádictions eÈ Les coÂditions mezuráes sur place. le Prograr!ÐedrÐrdinarer¡r TEô{PAL démontre une préci sion suffiænÈe pour prádire lesconditicns d,a¡nbiæe dans une maison. aiticle présente une comPararsonef fec¿u6e rvec ce programe des cqltitions .themiquês produites par Ie

réfrj.96ratif.refroidissement ávaporatif et le condÍ Èi.onnenent è'air
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Fig. 1- À typical evaporative cooling unit using the adiahatic saturation
¡rrinciple.

The roon air csndition proituced by evaporátive caol€is qenéra1ry- häi a '

-btgh hunidity level and compared with a refiigerati.ve cooripg syst-em, -a-nuchhigher flow ratg'of air is used.
. ,i.

The preqent co.op.,ríson of evaporative and réfrlgerative cooli.ng syeteoq
is able Èo include fåese factors and incorporates ; 

"etfr"¿ 
yherefry ihetherEal condíti¡¡¡s in Èhe different situåtlons l¡ay be.coopared alirectry.
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ThermaÌ Discomfort

The hunan PercePtion of tlernaL environmenÈal conditions depends on a

number of factors3
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con¡parison of neasu¡ed and ptedicted te¡q)eratu-res, for dwelling withevaporative cooling.
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- air dry bul¡ temPerature
- mea¡ì radiant temPerature
- lret bulb tenPeratule
- relative air mov4ent

meta-bolic rate
clothing level
posture

Silple indices of thenBl discomfort such as enviromental tenperature

or effective tenPerature fail Èo account for all tàese variables' wlìen

dealing particularly tiit 
"t"potttive 

cooling which results in high hwicliÈy

Ievelsandairmovenent,..i-.a.*wlrichconsidersthefullrangeofvaria.bles
must be used if realistic results are to be achieved' In a¿ldition' silnple

i¡dices accounÈ tor ,"ri"tiorrs in clothing lever and neta.boric rate by esÈa'b-

lishing a cdfort zone of likely accePta'bLe conditions and are t¡erefore not

sensitive to these tactårs. tn rearily inctivicluars adjusÈ tleir themar sen-

sation in response to changes in t4Perature etc by altering clothing antl

activity levels. 
".r,ga.-iái 

present-s a technique for conbining environme¡rtal,

activity and clothing t.,,.ti""" to Predict the theroal sensation' The method

enables calculation of the predicteà mean vote (PÈfl/) related to the seven

poinÈ psychoPhysical ASHRÀE scale' AÈ a PMV of 5'5' 5Ot of the PoPulaÈj-on

iott¿ Le-totirrl *r" than 5'5 and would ùl¡erefore be too hot'

Providing suitable data on envrronmenÈal PardeÈers within a dwelling

can be estj¡ated tìe PMV technique Day be used to dyn"nically model the

thero¿l coofort conditions.
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Eí9. 2

Prediction of Environ¡nental Conditions

TET,ÍPAL outPut consists of hourly values for a living zone and' a sÌeeping

zone in a drelling of:
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8ig 3 Conparison of neasured and predicted temperatures for dwelling witùrefrigerative cooling.
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- ventilation OR air change ratê
- tl¡e energy rÇrired to concliLion

tt¡e zone

- al.r tenp€rature
- nean radiaJ¡t temperature
- wet bulb tenperature
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In addition to these factors a full cæfort analysis requiree knorrl€dge



ofÈheairrcvementwithinthedwelling.l.leasuenentsofairspeedata
nu¡ber of locations in tl¡e nonitored houses' 1"2 ¡r above the floor level'

*re ærrelated rj.tÌ¡ *;t;t; ventÍIaÈion and air chæge rates to derive an

a¡:::rcaì rer:erc:sl:p (Ëç' l) ÈeãÊe--' åverã;e ¿ir sPeed il e zcne a'd tl1e

130

s=ÀCH/c

131

Fig. 4. logic for alteration of clothing level in calculation of Pmt

produce slightLy less dj.scomfort for the dayti-ne hours (07-22) in the living
zone when compared with the conditions achieved by an evaporative cooler.
The periods of discomfort associatecl with the evaporative plant correlate
with the occurle)ce of high external air tenperature coupled witå high
hr:ruidity. During the night-ti-ne houls (23-06) in the sleeping zone botl¡
types of coolers produce si:nilar satisfactory conditions.

Evaporative cooling systems compared tdith refrigslative plant have tÌ¡e
advantage of being less expensive to install and operate.
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average aj'r sIrced in zone' m/s

air change rate [Er hour
aconstantintherange2o-3o,dePendj.ngonhouselayouÈ|zole'
tlTE of aPPliance, etc'

EsPecially in the house vitl t.l.e evaporative cooler' air sPeeds nere

founal to vary within ut;-;;;t by as much as l}oot of the average speecl'

Assesstent of Comfort Conditons

A conPuter progran was developed which uses TEMPAL outPut ¿lata to cal-

culate hourlY values of the PÈ{v'

for adjusting clothing levels accor-

P"t=oi feeling too hot or too cold
utral by aajusiing the clothing level
. L clo at each hour ' to a mrnmum

ÀIso, different metaÞolic rates are

set for each zone in the dwerring according Èo the activities expecteil in

that zone.

In tl¡is study the nu¡ber of hours over a full su¡urer season with a PMv

greater than 5.5 rtas used as a rleasure of tliscomfort'

Comfort Conditions ComPared

e

tive cooling when the Plant is
wn at night' the dwellings were con-

living zone æcl a sleePing zone'

elsewhere in the conference

Proceeclings (4).

conclusion

Ehe general conclusion for the cliBates tested is that an adequately

sizecl evaporati',e to<¡riîi ;y";; wirl achieve satisfactory coßfort conditions'

tþrr€vêr, over a sr¡'¡¡e, ä""å"-. properly designed lefligerative prant wilr
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