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ABSTRACT

This research is the study of air temperature and humidity changed by the natural
evaporative cooling process of the ‘Earthenware’. It is hypothesized that Earthenware can be
used as the indirect evaporative coolers and they have the ability to diminish air temperature in
some level. This is to find out significant factors influencing this ability with the intention of
searching for the alternative method of reducing air temperature naturally.

In the process of investigation, the ‘earthenware’ are used as the experimental
evaporators. Two experimental units are set up with the dimension of 1.20 X 2.40 X 1.20
meters; one is the ‘test unit’, and the other is the ‘control unit’. Three experimental sets are
applied for the investigation as following:

1. Experimental Set # 1, which includes 3 sub-testing. It is intended to ensure the
possibility of reducing indoor air temperature by using evaporative cooling system in
earthenware, and its negative effects. From this experimental set, it can be concluded as
following:

1.1 Indoor air temperature in both of test units always adjusts similarly as the air
temperature outside test unit.

1.2 In the day time; the evaporative cooling system in earthenware can decrease air
temperature by 1.71 K with the 2.89% RH higher (comparing between air temperature in the test
unit and the control one).

1.3 In the night time; the difference of air temperature between 2 units are small. This is

because the influence from outer environment is high.
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1.4 In the test unit with no ventilation, the evaporative cooling system in earthenware
can reduce indoor air temperature by 14.39 K when comparing to outdoor temperature, and 4.05
K when comparing to the control unit.

2. Experimental Set # 2, which includes 2 sub-testing. It is set to locate the relation
between the earthenware perimeter and its ability to reduce indoor air temperature. After
carrying out the experiment, it can be concluded as following:

2.1 When the ventilator (wind velocity approximately 0.4 meter per second) is used, the
evaporative cooling system in earthenware with the perimeter of 4.616 m’ and evaporative rate
of 0.1825 liter per hour can reduce indoor temperature by 1.9 K and 43.04% RH comparing to
the control unit.

2.2 Earthenware perimeter has some relation to its ability of decreasing indoor air
temperature. From the experiment, the evaporative cooling system in earthenware with the
perimeter of 4.616, 3.258, and 2.262 m’ can cut indoor temperature byl.9, 1.59, and 1.2 K
consequently (with the humidity rate lower than 50% RH).

3. Experimental Set # 3 is created to find out the effective location of earthenware to
lessen indoor air temperature. From this experimental set, it can be concluded as following:

3.1 With different way of locating earthenware; spreading throughout the unit, and
grouping it, there is no significant effect of reducing the indoor air temperature (2.79K, and
2.93K respectively).

However, there are some differences of character in reducing indoor air temperature.
When spread earthenware throughout the unit, indoor air temperature drops continually. On the
other hand, indoor air temperature drops suddenly and gradually rise when the distance from the
earthenware is higher.

From the investigation, it is found that earthenware can be accepted to be one of the
indirect evaporative coolers. The performance in reducing indoor air temperature is also higher
when the earthenware perimeter, its position and wind velocity are carefully controlled. By
using this system, humidity rate has naturally risen. It is then recommended to use with

ventilator or good ventilation condition.
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4 4 1a o F - ' a0
wilswsngaanu liTes angangligeligumgiia
i ﬁ ' g 1 S a
M3wInuiou (Convection) umstmaudouninvesudagueslva (dmse
L J L & |‘ @ 4 o o
M) wiennveslnaguesds waniedesiuegiy  Wulimaduiandudaiuveslva
J =y ¥ - _= @ ar o _ Q“
AMUUANANYBIgUNYT sy NaNuRduRaRuves Inauazilsemsgamofeduilsedns
- - = H o 4 J [
ANIW (convection coefficient, h ) fintireiaiin Wm'K Fufuanumilauazanudves
¥
o ar ) ' A
voelna samsdnsazms nahidu luuvdeiieauthuduasmie Tnauvumyuau
Tor - = -; [ ~ v 1a ad ' Var P
maurainnudou walunniagiiouniligingiuni Taodumsudssdn
& ." 1 L & 1 ﬂ’! =
finNUETINAUAWA 700 nm — 10,000 nm wtiuilunAuAIMTOUFITY (Short Infrared) 3]
ANUIIITTNIN 700nm- 2,300 nm HAZATUANSOUFIW (Long Infrared) AN
1 s ﬂ‘. L A 4 1 o :
FENIN 2.3-10 pm (NAANWEIN 70um) TAsy1endunlaesinnningezdunion
4 1 s = o Aa - o - ' A o
VuBgUQUNYUVEITAg NHIVIANNeNAY Qungiiszina 6000°C tasentuisdaiy
¥ L [ ¥ 1]
foundudueonuuig Auaduudazidgaasilaleda daudaqluiuloaniifiguugi
° " 1 8 o v H @ e ] A
fn 100°C dasasendussdnnuiourieen U] uaasmnuduiuivessinau

Tug29n1m81I719 9

» w
HE %g : (3.3 B g £
s|58(8= §.§ £8g| E B 3
2 %E FLIsE| 5% o - ¥
's g 17 Tg 19 T10 T11 T12 T13 T14 T15 T1g T17 T1g T
10 10 10 10 10 10 10 10 10 10 10510 10 10 Hz
N NN WAVAVATATA T
Low frequency High frequency
Long wavelength Short wavelength
Low quantum energy High quantum energy

31 2.1 alnasuvesnduuimanIrih uazanuenauluriedi 9 vewaseriind(s]

o & - a : - oy J 1w
am1msmaﬂummamm‘}'au"lu 3 ;ﬂuuunﬂa'nmuu WNHIDUDVYUBYN LAY
ko ]
uaneneveIguNsEnYIagiades Tuvazndnsims navesnaudou (heat flow rate)

c: = o J " ar 4’ d. Y o ei v
mAannmnhanuieuduegiuiuimhaandumeivesnnuiou
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2.2.1 mmihnnuieu fuaﬁr‘r’uqmﬂnﬁn’m:ﬁm’nui’nwoﬁﬂq (Conductivity, A)
Taodaninanumuiiueesns Inavesnnudouruingaaumul 1 was (3zosnens
indouiivesnnuiousn 1 was) i’iﬁmmunneimzn’iwqmﬁqﬁﬁmmﬁm 1 wadu
i iailu Wm/m'K n3e W/mK

Jaginhanudeu1&eoingminnl9ifusuausunadon uAtiesnInd
Tnssrhaihudnuazdul wiednpudnlszneudaonssermea Saflaaladenandy
Tuemeiluediann mmimmnmﬁﬁ'lu"i’am‘f]unﬁ’wzﬁﬂﬁfhmsﬁ‘mam?amﬁuqu{u
Mand 2.1 urasmmahnrwdouverusunlodund Juldonldeaailunuas
uiasneiu daTagiidaaamhidae iy siquanialumsiuauuiagudy (aolnd
fhz’t’u1Jszﬂ“nfnwsmmm?owaﬁﬂmﬂuqmﬂm]’ﬁmmzﬁwm’iﬁqifu hidufunnauaz
51 Tnenmsnanssiudesfiins erinlFnusiaszdesndnnuianain

' AR | Ed
X, kappa MiA91NN15HAR M3vuds n3ensaadsnaannuiiunuiuvesiagmaiiain)

v } 4 .
M919N 2.1 Mmshnnudsuveaurunuu loFuua luanmanusuiuanaieiy

ANVASTNNNMEMN | Anuvuuniu (ansavy) | mavhanudou Gedauas naiv)
U 136 0.051
on 272 0.144
alonyu 400 0.203

dmivmnmsihnuiouvesnis  (Conductance, C) annsafiuInldlaoen
dnlszAnimsihanudounsdioaamminvesis (unsdifiagmisilviame)
Taonntin hifienlFaiilumssnnamsdmadouluems  ude1¥dunlszdnins
a9H1MAMNIOU (Transmittance, U-value) vo3¥aquinni Taoadenaruumsneisen
ANuMULNYeIMs Inavesnnudou (Heat flow density, W/m?) #i Inarusenamiani

ANWUANANIENINGUUYNoIMIANBUBnuazmuly 1 nadu (AT) Imiioilu wm'K
Q=AXUXAT (2.1)

aedamonnud ladmivmsdnnumsdenuanuiousiuveaiag auydnin

guugiinImanouenfe T, = 10°C uazgamgiinelufe T, = 22°C
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¥
o o

fau AT = 1022 = -12K (MAsauuaasiudanisgydoanudoulifunouen
21A13) H‘Iﬂ'ﬁuﬁﬂﬁ»}ﬁj 10 MINWAT (U = 1.5 W/m'K) MasaderunnuiouQ = 10 X 1.5
X (-12)=-180 W

assdwdummsdeiunnudouvesiag AeAIANNAIUNIUIIY (Air-air resistance,
R.) i mK /W dufenssmmmdumuiiinmuavesiag Tausnuueinei
Amihvesiag AnuR MU ARINA NN auveTageazsuItoImAR Ly

b4 ¥
UNAIDYINAINNIUATUNIUYBINITI2 FU ATl

R.=Ri+R+R,+R, 22)

»
dmsunisdudaer mymmanudumuanuiouvesiagnildnnanumuves

¢ o
e (breadth; b) wiiwilu was midwdudszanimaihnnuiouvesiagiu
R,,,, = b/A 2.3)

Iuﬂﬁﬁﬁﬂﬁqﬂszﬂauﬁw’iﬁaﬂmaﬂfu MIAAMANUAMUMUI WA NNITORA 1ARS
detrane i} Tuglfi 2.2 ueramisdganumin 22 fadwas (A = 0.84 W/mK ) aruiamed
AWFUA (A = 0.6 W/mK) Anudumuanuisuvesemafaunouen R = 0.06 1z
anudunanuisuvesflauemanielu R, =0.14 m’K /W

Ry, = 0.220/0.84 + 0.015/0.6 = 0.287 m’K /W

C = 1/ Ry, = 1/0.287 = 3.484 W/m'K

R,, =0.14+ 0.287+ 0.06 = 0.487 sy

U=1/R_, = 1/0.487 = 2.054 W/m'K

/

&

%

3N 2.2 Aredrmihdamia uaasmmsdariuauiounazmsderuanuiousiu
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J (Y = . .
2.2.2 mavwnnudou Iuegiudulsz@ninminamdeu (Convection coefficient,

h) fimisedaiiu wm'k
Q,=AXh X AT (m’'X W/mKXK=W) 2.4)

1 o a - ¥ J’ o o ' J - <
mvasdinlszaninmsmanuioumnnviodesiuiudumuvesiud  Aisemiants
Tnavesnnudounazanuivesves lva sndletirasu
4’ - : a A a a <
«  WUAIMNAL (iememsindounvesnudeulunuiuen) dnlszans
MIswInuiou =3 Wm'K
-!’ = ¥ A ﬂ.J ' q’ ]
«  AuRIRuUBumMLioundBUNTY NnemAgRuna, Nugeimea
4
Tudteq) dulsz@nimsmanuiou =43 wm'k
: a 4 P [l 2 ¥
«  NuAueu@NNiswAdeuNas INeIMAGIY, maugemaly
g
wo9) dulszaninmsmanuiou = 1.5 Wm'K
A 1 = U J ) q" ' ¥
Fanunfirmennanivuusslidulszaninsmianudousnnnminuuasan
' y _&d i 2 4
ieanIneIMAssuszniouNVuUMENe  MInauMITUNTNYANeg luan e INIAT I
=2 A - a L A U -1 1 A’ -
nunedImsindeuivessIMmianINMIsdIRIUAL owRIeINRLY uAMIRUAEN:
ar ar - o [ - A
funszudauud dudssaninswinanudousziininninind Ao h, = 5.8 + 4.1 v iile v Al
anuEraw ol wasAui
2.2.3 msukisdnnuiou
"o J "o o ’
msunssdanuieuiusgiuguauiavesiag 3 Uszns 1dun
M3azRou (Reflectance, p ) Aonumuidvesiaghvendufinuddignaziiou
P @ &Aoo
ponUUleNsTNUNURIIAY
ar - Cond [ o [ o
MIRAFY (Absorptance, o) AoRUANA IluMIgaTFUTIdueTag TaonSoufvui
& @ e wa o ad awv 4 '
Black Body ¥uihuSagifiguanidlunsgaduiiiae (o = 1) Taodsnaiagniidduiniim
MIgatuge  assdwiuiagdsouuasiinnuivimniimmsgaduies giudinisga
»
FUVDIIARNAA 0.9( Black asphalt) - 0.2 (agiiiisuAniu nieTagmioou)
"o «d & -~ ey roar or =
M31aeied (Emittance; €) Aosmiannuannsolumsnasiidvesiag laaiioy
ar J a i 1 Qs i o 3 - - & e
U Black Body Fuiluagiinldeisd1dafiqa dmivmuinlndinlidguugiuazai
4 ' o ¥ - ﬂ'-ﬂ ar L] ‘ d 1
snduludufeiu o = ¢ uaiaguaestianigueauia lumsdonsudrnaunuandis
o -] & ar o o -
i dmanzlumsideninediudigafuanudeuluuneiundaumseing nield

Whunkuazioussinudou
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o 1 T o da ar IAMJ []
AMIRMINAINIIIRT IR suvsIRe Maslia T UFeUNIN uATIITROBIAY
- - - d‘.- 1 o Al -~ L "o
filszdniamnildudigaemseenuuueimsie Smausmmsunisdanudeusiuves
A2997%A8 (Global irradiance, G) AWN3AMIBATINISUATIAAINSBUIINAIOINAT 1A9N

auns

Qs=AXG x o (m’XW/m’ x non-dim. = W) (2.5)

23 oxmasuiuwugRlaTas@ng)

Psychrometric Chart Hunsmiuaasiarnmmieanizvesemeluvaziiu Ta
unuueuMIRIgungiinsznhzud dunuduaanfinalermimua  (absolute
humidity, AH) ﬁﬁagj‘lummﬂ fimioilunsudenlansy (gke, nfuveslehdenTansy
VYDIDINIAINA) ﬁqwuqﬁﬂf}q 9 pmedianuaunsalumsiume o 1318l Sinudia
denaneitemeliannseiuled 11880 “e1mABuRa” (Saturation) HIMULYES
s IRsfedugasuiavesema  venlfismsmnlfinalehgagafions

ansoiy 13 1A lugangiinng

7
/A

8777,

y

i
contained by the air

7,
il
7 /
7/

) Temperature of the air
U7 2.3 nsminnuduiuisenilgumgiuaznuFuve8IMALLPsychrometric Chart

Relative Humidity Wionnusuduning nuwﬁaé’nﬂﬁ'mumﬂ?u1m'1aﬁ’1ﬁﬁogjﬁq
Tuewmn fusinalevhiteeiWomesuds émanﬁaﬂ?mmmm*ﬁuﬁqmnqﬁmmﬂ
uq Seemnsesu1318 wy figungdl 20 esmaiFen mAezBuTTeAEL I
oA 20 niurenlaniuvesemmiiAaiiunuSudning 100 Wodidud winaa
YSnanmduluemnaumde 10 kg Wvaizfigamaiiviay Enses Ay

o e

NS AR 50 %
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zﬂﬁ 2.4 aaslylnsiines (Sling Psychrometer) [10]

4 o H 1 4 - o
gunsain1FiannuduiSond1 Sling Psychrometer Fa1lsznoudiomes lutimes 2
o [ & A =) 4 4 Y o’ L4 .
ou  Hsuniijulawnsznhzdridlondmedennunsznhzusspilugnsal e
J A ﬂ' 1 = ﬂ’ o = 4 A b 4
umanseside  oman Inakmdidlentiszi Iiinamsszedemgangiin ldszuaas
- =4 - a : 1 o" = o' &4 o '
quuginsznhzitleniifiannmsszmoveaii Aumes luliinesonniladundaasn
¥ v » ]
gamgiinsznhzuds AnuuanAvesgungiindesiinumneinaasdan AT
¥ .
fiogluussuime minanuuanAINn naasiufamsszmsvenihniidleninn ilvaa
a o A 4 ' y ¥ 2 o a '

gamgiias1dnn ufemwiuluemeneudiaios Swdsaunsafiamsszmodeld win

21MABUA? 92 liiRamssziouazaagungil 1uA® WBT = DBT

Dew poist emparsture °F

i
i
883 8 2

o,
P

30 40 50 60 70 a0 o 100 110
Dry buth temparature °F

3UM 2.5 N3 MuaAIA Enthalpy 11/510 U Psychrometric Chart

Enthalpy ﬁarimé’wmmm%’auﬁmsq"lummﬁ fimiodlu Alaga/i Tandu, kikg
figungdl o°C mm%’uﬁnﬁnﬁfluqu SAmdsnuluemeidy o Fuilugaduduves
as Wsmnanaudeuiiilueimamin 1 flany Ussneudaemnnudoududa (sensible
heat, H) ﬁﬁﬂﬁqmﬂqﬁtﬁui‘fu FafiAmlszina 1.005 Wig K wazmnamdounds (Latent

¥ 1 d '
heat, H,) Wnsuiludealdlumsimliiteme uazdlesnmiduvuonaienthalpy Hinnw



duinnoayanad nizsemndmanszle Al

a e a A o o v ey '
Indifvatumgungiinsznhedlonnn  weflesdunnudumnihiddesnsmdnaneg

Anunenni i Aanaaslugdi 2.5
= - a o a da .’ o - @ o 1
Specific volume ABUTINAsYOILMANANNANLNA AT min 1 Alaniy v

- e A @ b 1
{u gmnadias/nTansy (m'kg) FassudmfunumunniueesnIn e (kg/m’)

120 Enthaipy (cJ/kg)

.

DBT(SC) 5 10 ' 25 30 ) 45 50
;’dﬁ 2.6 LAY heating 110 cooling

manlasuaauzvesemalunsdian q ansouanas1ddroni i laTnswasn die
° A ° ' o a
watamsinnuiou(Heating) Aomsidoudwmisgalunsmlumevnile wufegungil
4 & < 1 o ‘e o
nsznhendaszuiy  Tuvasinowiuluemn  (AH)  dwmaiidy  mshanuibu
(Cooling) AnMsAdBUNVEIgATUNT A Tufiemasaiud T lguinglinsznhe
W ] g 9 A’ -i - -i = q' q' r o’
urisanaua b ldaanrdulueimea  iisangangiiauiessududulenyadudveai
i ¥ : o @ ' @
NyaiinnuFuduins luemmviiy 100%
o o . . A a0 q 9w A
MIMANUTUAMITTZING (Evaporative cooling) ﬂanszmumsnnﬂn‘mqma
= ao 1t ' - o A - ad
szuviigamgiidinslag hiinsawmanuioudmiosensindaguiessumiu qungin
s a oo : & o
daufavinnsihszmenmodiuleihluema  dwmnudeuszgreadunamoiiuany
' o o - o 4 & 2 4 o
JouwsaWegluloih sildgamgiivesszuudias Tusazfinnusulueimeeziiviugs

1 2.7 @w)

63625
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31N 2.7 ueras Adiabatic heating 1A% Dehumidification

MIMANUTDUAINIZVIUMIOLIATOIUAN (Adiabatic heating) ADNTZVIUNITNM

Var - - a J ey ¥ g 9 -~ o -
WMTaguieszuuiiguugiigevulaghilimssemanuioudmissennniaguiessuy

4
> A ¥

b 4 ’
. . qe . Y -y = a
1Y M3ENMIAANUYY  (Dehumidification) lasldemmdnundeunruasiniivieyiia
1 Aaa A o . b d
18un Fanuea nielnanea mulsd (Glycol spray) Faimimganiusuluemealiasas
" o o 1y - 9 a J a z
unztanasondssuniwieusenn ldgunginsznhzudanusn luvasinnuiy

annIdae Az 2.7 (¥a1)

)

2.4 ANZMIENE [11]

[ a9 lil a db li e o o Ll =

Sumouyuddesmsannzimmnzanlussdunie  Mems1933mlsesriueded

- =) o = " =4 e \d . . 4

dszainiamlumsinenssuan q Gonanizanaln “an1zui1au1e” (Comfort) ¥4
g imdiannuuinuneldun

Longman 18 IMMmdranam1ih annnihauefeannzanuidnineunatouas
= 14 o
finnuwelamamoniae lulinnuivie

Givoni 1aMdMirannylih annzihmneiiusanawesanmemaiuyud
- 1 1 a =4 ; .“ o
Avsamuinhaouazoenin1d  Taodswnnanuidndounazanuidlonduninamis
& i da o 4 & ' a @
Fwnnuidlonduniminfemisiande liosszmeeenldnnfmia1dTaus

ASHRAE lalvfmsnannu i annziiawe Aie anzmasaleiuaannus
wolsluanminadouifounun  Taverumsitodsinlszifiurannufaniuvesngy
Mo lasnuainmslszdiunazogiimn 90% vengualedasnuiuInieon

» [
wilohanminadeuiuegluveuvmitaguis 91M5ANYIYVEIP.0.Fanger Wundui)shil
»
T = L o J

HaRBAWIANIOUNUI (Thermal Comfort) HegNanua 6 Aunls Fensosuunoenld

¥
2 AUMan 9 Al
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2.4.1 aanlidwanmunadeuiortestunuaniilaonisy)

a a1 a v 4 4
QUNQU0INIA (Air temperature) MWD wanne IMiAaABUGUIY Faenms
"o o - (g '3 a o U 4 a N
U afvesnseming  guugliomadailussnlszneuidfgiigastianiia  fiiwade
] P S = c‘ﬂ v 9 aa =Y
annsime Fansznudesumouazialweawnyudihueiienn  ludesniigungiige
1 (] L ] o o v
nn 9 uennnsnmess hitinnvawouds suhldialingania ersualideldie fins
= o " -] =‘d A; ] - (-] ar 1
Honuieshounliguugimninndaummsoiam1dd  uazasziunszmannnd
auhauludesiiigaungiiginined
3 i d
ANUFUTUNNT (Relative Humidity) nanenasasiaauvess o lorhluenaiy
I3 : P - o < Ao o
invlethgeganemalugumgiduannsesuld  dussilszneunddadannn
= = : ' o = 1 -; H
QUUQNOINA Ysmanhluemalicunsoildgamgilusumongaunieding
¥ [
Tagass wadmnsohldisufanuidndounseduld mnomeiilSuaninnnmieny
TigunseszmeldiF i ldsiinnuidndasasng
] b4
QuUVRIIndoYeINuAI1AUITOY (Mean Radiant Temperature) iHunnudd@amedn
anufoui 18suninmsunssdaniaTagiiegsoudhe Tasnasawvesmaunsadanudonly
o Y ' 4 24
ANYULIA® Mean radiant temperature, MRT Taum MRT 'azni‘lumﬂmﬂmmqsan = b
gunQiigenIIguugiAmanazauduaumndsegseviigumgiidiniiAivesseny
. . T 1
A3 I8 (Air Velocity) nszuaauiuiloionilsvesanzanuauiomaeding
a A
gaungil 1ilesen
o A o a o v o
1. ewmsindou lnagamanuiounegsey q A2y vinmsAnumuinnud
=2 d 1 = - A o < -:
w2jdnbunsndigamgiionnmeialszuna 0.4°C WonnuS0uANAIY 1km./Hr
4 4 o 4 o q ¥ a < d o o
2. ;wemadeu lnssiamnuduuash Idibaanzimnzauiy dmsy
' = ¥ "]
sumonzszineanuieuluglveunie
3 é L] L - H
3, oimanndeu Inagae hildifamsazauvewannng  YSinmvesernisi
indaeun MeoadeanziminzaudonsanuEausEndn 0.051 93 0.077 m/s nszuaay
niinami 0255 i 1.02 mis uasWadnneduminauefaunsaminidnaueld e

f o e . .
fndeuiiINd 1.02 mis i I 19erms {dnauisasunaumsie (ASHRAE)

2.42 dwlsamyana

BATIMIHINNYNAINUTUTINE (Metabolism) ADNIZUIUMINOIMIIIHIWAY
nmefuwdesnu sumoensaih T ldidundsny 20% 80 80% senauiud s
1 Ll L J far a "
QNAIDBNIINI 1MUGUITOINATOUI anudoumnnnieveviuegiufnssuudas

v
Uszinnaail
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3 o i a a v { o o
3N 2.2 naanuRInaNNNINI I IZIMAN QMARINUYNY

m (A501) Jaa

UDUNAY #1gqa 70

wis niemaninn q wudn Tnumsy 130-160
tunsomanuilianion 160-190

AU UNYBA 7 nTBNAN TR 290-410
MUULNAIN UNVBININ 580-700
Maededsiiiowdadeiu a3397 T 2879370 1,100

4
2.4.3 M3audAeAN (Clo Value)

léﬂﬁ"lﬁﬁn‘iwaacim:'meiammi’ﬁnﬂuwn%'a'lﬁﬂmuumuuuﬁ dhuenuui
anufounnzawinmgungifauelfudsreny wolunafunuauveadefuan
miawiiiu clo 1Au 1 clo Mo ArwEMeguMgiimGe 0.155 m C/W uasiisszning o-
4 clo 15797 2.3 usrAsRMILAR VBB YTIAMA unzgungiimnzeaulumsi iy

nanzANYTIene luies

' b4 [ ¥
MM 23 udasdnuasmsaaudefimnzfugnmgungiomeiimuizay

Clo Value Clothing example Typical comfort temperature

when sitting (°C)

Oclo Naked: swimwear 29
0.5clo Light trouser, shirt; light dress. Blouse | 25
1 clo Business suit; dress, Jumper 22
2.0clo Heavy suit. Overcoat, gloves, hat 14

uanmnffﬁqﬁﬁ":uﬂié"muﬂﬂa'ﬁmﬁdqwndammfﬁﬂ?aunun"lé’ﬁmﬁnﬁau'lﬁuﬁ

owuazm Andjaluyn 9 ordesmsqungd 1°c genhdne Tuvaiinadane
uazdndjaiioguminniidesnsqumgiiicc ganiditiowieon (ASHREA)

nnanazzling dadnsznhaiuiforeUSinasvesiumeiinadems
wasumlasnnudouvesiumeiudunadey aunenssiimuAR NN HENIELS T

Moy tazamnsasznennudeu ldunniuazeanudegungiingendi
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T g -
Tuiuiegldiomis Wusuduiunaudoulfednditon audrnizdesmasins
o " A oA [ a a o
wunIueneszsaNuiouTmui q fuauill
ANITVBIGUNINTNNY TuauthodasimswimaIgnasnuyessenio
a 4 i o ' :
(Metabolism) sziuduh Idnihiuazna lamsinuvesseniodiag
- & o - J o o ] - 9 [ a =
pMsuazIATeAN ossanlulsau iledad 19) suiferdeatumsiiunisnin
a o ! 5 y o'
anudoudasy lavdsnandsumbinidanld  uenvinilueanssedmilumeidu
-~ o Yy = - A o 9 a a J
neavene Minenlimismenzszinonnudounnaayuin
ffr  onvziinademsmiuanuiouninmsunsad  ldlimsanfauaashiidesu
nnezazNeusidauiouldmannddmdaiings 3 o Ad1ezszneudas Melanin
5 & o o ¥ o 5 - 1t ' ¥
Pigment Fsztlosnumsmawnnuaganiihlonmn aniu dddslilinadennudesms
anzgungll uatina luduanudumuaenshiaoveudaa
» ]
uennmIlsNIdesd I Saiidaulsmeadiiala (Psychology) Neziiauenesnin

TAieannidlunnuidnquiuvesudazynna

2.5 vauvanNUaLUIE

o o oA
'ﬂ"lﬂﬂﬁﬂl.ﬂil.l‘?{ﬂ'nll’dﬁm ASHRAE MHYHAN 1UD

naiou seRuADM 0.5 clo NINTTULN 1.2 met
anuisIau <0.15 m/s

9aMuN : seduidoth 0.9 clo AINTTIL 1.2 met
ANMISIAN <0.15 m/s

UHUQNYBIVBLIYARNUA LT ANYAIZANEUN 2.8 TABUUIUBULEAY Operative

Temperature

Hum dity Ratio {g/kgl

Dew point emperature (oC)

B\

-10p v 20eT : L 26ET .

£ P T ? 2?2 R RKRHEAICRREEREZ AN

Operative trem perature (oC)

JUN 2.8 uaaaveuIvAR U ABYBInRT BULAZ YL



22

¥ggrunuazggieunnugiissisesniiy 2 913 uaziivegdiouiuey uass
WirtuanuuanA19veggouaznIN Effective Temperature (ET) 9zuaasluuuido
vouwadmgalugguuaidy 20C wagagafie 26°C Fufideudusgiiesas 23-24°C
gamgiih W @nanoiiqaszegi 22°C dmugguununz 24.5°¢ Tuggiou

Operative Temperature ABQUUATOMMAALIOUA AT TAvliHa19IN Radiant
Temperature 111 §UHUYUDINA

Effective Temperature ﬁaqmnqﬁ Operative Temperature ﬁmmguﬁnﬁnﬁﬁwﬁ'u
50% ﬁﬁﬂﬁnuﬁmmfﬁmﬁuuwhﬁ'u Operative Temperature Tuvaiziiu

UBNNININUMRANUTBYBY  ASHREA  Fernuuduminlludwannsiitings
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Figure 1: Embedded plastic tube circulating cooled water

Figure 2 shows the data acquisition svstem and the measuring points
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Fig. 8. The device over the tank.
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No. ID Offset A/B Sensor type Scan rate | Saving rate
1 1313 2.13/2.49 Thermocouple T 10s 2 min
2 1319 1.75/1.50 Thermocouple T 10s 2 min
3 1320 1.76/2.02 Thermocouple T 10s 2 min
4 1335 1.19/1.07 Thermocouple T 10s 2 min
5 1419 0.90/0.94 Thermocouple T 10s 2 min
6 1573 0.00/0.90 Thermocouple T 10s 2 min
7 720 0.07/-0.73 Thermal/humid 10s 2 min
8 1447 0.00/2.00 Thermal/humid 10s 2 min
9 1576 0.00/0.72 Photo/temp 10s 2 min
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Temperature DATA DBT (°C) | RH (%) | WBT (°C) | ENTHALPY kl/kg
1.Test out@?2.1 34.7 37.92 233 69.078
2.Control out@?2.1 35.0 33.97 22.6 66.315
3.Test out@?2.2 34.6 43.04 245 73.457
4.control out@?2.2 36.2 36.37 24.2 72.317
5.Test out@]1.1 30 55 229 67.747
6.Control out@1.1 32 49 23.5 69.886
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Length m (metre)

Mass kg (kilogram)

Time s (second)

Velocity, speed m/s i.e. unit length movement in unit time; the
everyday unit is km/h, which is 1000m/3600s =
0.278 m/s or conversely: 1 m/s=3.6km/h

Acceleration, force m/s’ i.e. unit velocity increase in unit time: (m/s)/s

ke.m/s’ that which give unit acceleration to unit mass

named Newton (N)

Work, energy Kg_mz.lsz unit work is done when unit force is acting over
unit length i.e. N x m named joule(J)

Power, energy flow rate Kg.m: e’ unit energy flow in unit time or unit work done in
unit time i.e. J/s named watt (W)

Pressure, stress Kgm?s® | unit force acting in unit area (Kg.m/s’)/m’ ie.

N/m2 named pascal (Pa)
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Materials Conductivity Density Specific heat
(W/m K) (kg/m3) (kg K)

Wall Materials
Adobe Blocks 1.250 2050 1000
Brickwork, outer leaf 0.840 1700 800
Brickwork, inner leaf 0.620 1700 800
Brick, sand-lime 1.080 1840 840
Concrete

Cast, dense 1.400 2100 840

lightweight 0.384 1200 1000
Concrete block, heavy 1.630 2300 1000
Concrete block , medium 0.510 1400 1000
Fiberboard (soft board) 0.600 300 1000
Fibrous cement sheet 0.360 700 1050
Glass 1.100 2500 840
Plywood 0.138 620 1300
Sand (dry) 0.300 1500 800
Plasterboard 0.160 950 840
Timber

softwood 0.130 610 1420

hardwood 0.150 680 1200
Surfacing
External rendering 0.500 1300 1000
Plastering

dense 0.500 1300 1000

lightweight 0.160 600 1000
Roof & floor materials
Asphalt, bitum. felt 0.500 1700 1000
Concrete slab, dense 1.130 2000 1000
Concrete slab, aerated 0.160 500 840
Insulating materials
Cork 0.038 144 1800
EPS (exp.polystyrene) 0.035 25 1400
Glass fiber

quitt 0.040 12 840

batt 0.035 25 1000
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