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,titlly effective in both regions in tenns of the enhanced level in thenllal conlfìlrt against
'ere sunì nìer conditions.

'Ihere are two dil'ferent natures irt the evaporative cooling eflects in hot antl hunlid
)ùl spaces: use of evaporatively cooled air for urban or inside s¡races and sensible
rling of insicle surfäces by evaporative cooling on outside surfaces.

63..1

horvever, canllot lte higher thalr saturatecl hunridity ratio for llìe tenìperature 02. 'l}e lorver
the huuridity ration of prirnary air x l, the greater the cliflerence in hunriclity ratio x2-x t, arì(l
the lower the tenrperalure of seconclary air 02, which people would leel. It can be explainecl
clearl y that eva¡'xrrative cooli ttg works nlore efl-ectively in dry regions than in rvet regions.

tlaving the relati onslri¡r betrveerr ternperature and huntidity ratio li¡learlized for lhe
tenìperature range arouncl 30oC, saturatcrl hurnìtlity ratio against nir tenrperatrrre rnay be

lìr'irporirtively Crlrllcrl r\ir

OU'lLlNE OF THlr PIìOCIESS

re heat loss
el cool. Of
en fhe skin
in the forrn
As the air

,rtes in and flows along the skin surface, the evaporation will take place to a large extent
I the person feel it a conllbrtable breeze. lt can be rnaintained tl¡at the interntittent air
rvernetìt makes the person feel cooler than the corìs[ant air nrovenrent. Fig. I shows one
trupleofairtnoveruentirrvelocitylecordeclatthecenterof tl¡eroornin one of the
riurese verrìacular horrses on a hot and hunlitl sununer day.

Owing to the nloisture absorption the lenrperature of the breeze thr<lugh tlre garden
thafotof¡noistfoliagegetslowerthanintlrelìeldbyl-2'Casshownintrig.2. This
s measured by Kiutura et al (1987) at onr: oF the nrral llouses lacing the garden in
rnanashi Prelecture in Japan.

.fH EOIìETICAL CONSIDERATION

is ratlìer difficult to estinrate the air ternperature afler evaporatively cooled through
titation ancl evapolation liom water surface. Frorn the energy balarice tlre dcceasein
rsil¡le he¿t shoulcl be equal to the increase in latent heat with ragard to the air llow
rn3/h¡between before alltl alter the nloisture absor¡rtion. 'Ihus,

,.r" 
cpY(or-o'¡q=yr1x2-x¡)Q (l)

0¡,02: air tenìperature before and alìer tlre
nloisturc absorption rcspcctivcly | 

"Cl
xt, x2 i humidity ratio belore and after t.he

moisture absorption respectivelyl g/kg I
Cp : speci fìc heat o[ the air ]J/kg K IY : specific weiglrt of the airl kg/m3 tr : latent heat of rvater [J/g I

:n the air teûìerature alter the lnoisl.ure absorption becolnes
Í

0: = 0r - çO(xz-x¡¡ (2)

'l'lte higher tlte htrntidity ratio x2, t[e lolycr tþe air lernperature 0] alier lnoisture
orption. which is to lle called seconrlary air tenrperature hereal'tcr. 'l'he value of x2,

where 0w is rvel bulb ternperalure of tlre
pnnìary atr

lf thc slate ol seco¡ rdary air is assurrred to
reach a hal f way betrveen the iltitial an(l satrlrated
con<litions, i.e.,

x2
xr+Xs

2 art<l 11.¡ =
t)1+1¡*

approxilnated by
xs=22.6 r. 1.55 (ow - 27) (.1) 

È

()

l:02l{./!l Sl¡:0,trli/rl II nql

2
(4) 'l'ine I secl

then the lernperature of the secorr<lary air nray be
Fig. I Âir vcloci(y in the secontl floor of a

estinrated by substi Iutirrg equatiolts(-ì) and (4) into
vernacrrlar ltorrse in Karvagoe

quation (2), nanìely,

0r= 0r- 2.0g1xt*22'6+ 
l'55(0w-27) 

- xr)

=or +l.o4xr -;ß.5: t.6(ow-27) (-5)
Ihis is zul engirreering approxirnatiorr arrd nray be
used try architects or url¡an plarrrrers for their-
practical estinlation .

3. Surface 'l'enr¡reritIrrre Sup¡rression b¡- l,ìv

3.I IIEA'T IìAI,ANC[A'f 1'}ID SUIìIIACI,

room air (A)

Fig.2 Iì<nrrr terrìl)eríìturc an(l o,,r.i¿åiîi t n l

letìtperature in a rur¿l hor¡se
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Evaporation fnrnr a w teat loss lrom the surlace to tlle anlbient
air lo be resrrlterl in I f the surface. .t'his is explainecl by ihe
follorving e<¡rration ol

{lr¡- Qr2 + qd= qc + qe (6)
rvhere

qr¡ : incorning radiation allsollted by the surlace lW/nr2l
qr2. oulgoirrg ra<liatiol enliltecl frollr lhe surface lWnt2l
qd : condrrctiort to tlre surface lrorn lrehinrl ÍW/nl2l
qc : convection lronr lhe surlace to the arnllient air IW/ntz.l
qe : lìeat loos by eva¡xrritliort lionr thc surlace to tlre anlltient air [Wrtr2l

The terrn(t¡r¡- t¡r2)is large when slrong solar radiation is flalirg on íþe s¡rface a¡d
er valUe for drier atmosnhere. 'I'he ratlialion
surface is in the sha<low and rvherr the sky is
n be positive or negative depending on rhe
as expressetl by

qc = ac(l)s - ()a) (j)
where

cc : convcclivc ltcal tr:rnsl'cl-ctrc[fìcir-ltt al<ltrg tlte surftr<;e f \\r/rrr2Kl

B

nted Èreesof Ploutside air

room ai¡

inside air



, l-l

0s : surf'ace tern¡lerature l'Cl
0a : aulbient air tenrperature l'Cl

Under the sutrllner conditions the ambierìt air lelnperature is higher tllalt lhe surface
)l'the streets or rools in the daytime and lower in the nighttinte. Nariely, the convection
oss is posil.ive irr the nighttiule and negative in the daytirne. 'fhe absolute value of the
onvection loss is ntirtintal for the shaded surfaces, where evaporalion loss tlorninates
rccor<.lingly.

Heat loss by evaporation is associated with nrass transler betrveen lhe wet surface
o the arnbient air to be expressed by

w = kx(xs - xa) (8)
vhere

rv : rate of ¡nass tranfer [g/m2h I
kx : coefficient of mass transfer based on huntidity ratio

lg/nrznlgltg¡ ¡

xs : saturated hurnidityratio Ig/kgl
xa: hunridity ratio of arnbient air lg/kgl

l lren the heat trarsler by evaporation is given by
qe= rw (9)
The surface temperature should be deternlined by the conclitions so that tlte lreat

ralance as expressed by ec¡uation (6) can be rnaint¡rined. For sirnulation unslearly state heat
rtnsfer throtrgh the solid with which the surlace telnl)erature is concernct ¡uust be
rrvolved to give tlre rate of surface heat tlow q<1.

I.2 IMPERFEC'ILY WDT SUIìFACE

l- tlìe su the
urface i rlryrrrlace. thêclative r or
lrrough

It ¡s quite dift¡cu
',,et surlace like soil sur
:tlue by

In

It to identily the correct figure of tlte relativc hunritlity fìx partially
lãce or grass covered surface. lt is possible, howeveì, to irrlèr thê
a certain degree.assurnption to

lact evaporation loss especially during the night is so great tlrat thc surlace
)nlperature can be suppressed renrarkably. This el'fecl nrr¡s[ bc regarletl signilìc:utl in the
,o[ and hnrid regiorrs where radiatiotr loss cann<¡[ be ex¡rectctl

urìder tlìe lìot
srrbsLarrtially. This

esenrtrles with tlre case that a person sweat very nìuclì and hurnid con<litions
,,hen the air temperature

3 shows
isash igh as skin surlace tenìperature rvith no air lnovenlent.

Figure the results of
ourparison of the soil surlace tenrperature of
ru earth shellered building in Japan nrade by
.inrura et al (1988). This verifies rhar the
vaporative cooling effect can be
,pproxianìted by mass transfer forrnula
vhere the huuticlity ratio of the soil surlace
vas inferred by the rneasured relative
rtrrnidity close to the surface multiplied by
he saturated humidity ratio for the surlacè
ùmperature. Conduction is relatively easy in
stinration, as the soil te¡ììperature undeithe
rrrface can be easily measured. The
-'rnperature of the ceiling surlace can t)e

TrlrE f h Ì
Fig.3 Comparison of roo'f surlace Lempera-
ture between calculated and nleasured results
in the roonl of an earthe sheltered building
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Fig.5 Diurnal variaf ion of tc,nrperatrrres in lhe
2nd story_ot'a-nassivc iror¡se in Kawagoe
on Aug.-5. lQ8(r
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On the contrarv theirlterio.r surl-aces willl v¡rryl cloll¡ or oil paint tlo nol a5sgrb aurl
dcs<.¡rl¡ nroisrure and nó cool i ng 
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4. Conclurling Ilcrtr:rrks

'fwo types of evaporativecooling fo¡ hot and hu¡¡ri<l urllarr sl)aces are rlescriSerl: t¡e aircoolerl by evaporatiorl artd tlte surlace cooletl by evaporatiori. l,hysical 
-tr,ickfir(,¡,,d 

for
Dour cases are explalned rvitlt so¡ne l¡rensuretl rcsulls.

under lrot and lrunlid clinìnle, green areas arc bcing
re nlnllient and terlperature lentls lo. rise. It ù
foliages anrl watcr suiface¡s to increase the heal loss

s acculnulation of heat withilr tl¡e nrassive gruund

ììoofs of buildings o-ccupyirtg a large area ol urban spaces also harl l¡eilcr becovercd rvilh evaporative srrrfacei lry soil orel¡rrivalent. Ileat loss by evafo.aii<,n tr,r,n ttreroof rvould in turn r'akes the interíor cooler äs the ceilirrgìuii^..'r.,iìö,ltìiì,ìå b".n,u.,
l<¡rver.

Va¡ious arralìSelllelìls of evaporative cooling process in tlre rrrSa¡r spaccs lçr ¡otattd hunritl regions will hel¡r nrake the peak tlerrrarrõ år 
"r..ì.iliiy ,".r"ll.i 

'.äìii.r"r"t,iy
owing to the passive appróach.
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