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Aa . { o ' A £ ° [ A
aﬁll’]ﬂﬂ']ﬂﬂ')']lll,%')al] (Velocity, V) ﬁW@N’]uS'Nﬂ’]FJLWNT%%?‘,V]’]SL%@']QM%QNﬂ')']&lalnU

A X [ P
LUV (Increase in Comfort Temperature, ICT) 16 dagunIn (2.4)

50
ICT =7~ ——— :
¢ ((4+10v°'5)] @4

M1319N 2.2 RARNLNUNANNIFUILVDI ASHRAE

Lﬁaqgﬁau seeuLFarh 0.5 clo
AANTINLLN ) 1.2 met
ANNLTIAN <0.15 m/s
0NN SeauLRen 0.9 clo
AANTINLLN ¢ 1.2 met
ANNLTIAN <0.15 m/s

ﬁnrmmmwamiﬁﬂmamwmmﬂsluﬂgamwumuﬂﬂ@ﬂ John Busch (1990) [16 ]
' = & ' ' A R A o a !
lasutsmsdnwiaaniin 2 nga ﬂqmmﬁﬂmqmﬁgmmsﬂummsﬂi‘ummﬂ WazBN Ng
£ = AN 9 o A o ' P A o
wnisAnsan wauausluanasn ildiasesdsuanmea wuinaunvianuluenansnlsu
mmmzi?mammlumuamﬁ‘uwamsﬁﬂmmmaummaa ASHRAE luﬁfaaqg%au RIUAUT

SRl lua’lﬂﬁiﬁ‘lﬂﬂ%’ﬂﬂ’]ﬂ’]ﬂﬁ]ziﬁﬂﬁﬂ’lUﬁqm‘ﬂ{]ﬁﬂizu’]m 28 °C. HahwaanaadNy

WadUVad Auliciems [14 ]

2.3 AIwIENSIIARAY (Predicted Mean Vote, PMV)

' ~ R A
Fanger [11, 12] wud luanzemasniiznii smansnanaaziuanuifnvaiauiiot
muluannznunld laold dvinuianisiniaiads PMV 71 Senuidanlasnual Metabolic

%

Rate (M) La28a31N1332UN8AMUTOHIANIN T19M8 (L) A9

PMV = (0.303e °®* +0.028) L (2.5)



I@] gl L faaninn1IszungalnusanaanannTIemMeauasdInimann

L = (M-W)-3.05x10"2-[5733-6.99(M -W) - p, ]
—0.42[(M —W) —58.15]-1.7x10°M (5867 — p,) — 0.0014M (34 —t,) (2.6)
~3.96x10° f[(t, +273)" — (£, +273)*]- f,h.t, —t,)

A

lagh
M famsiieanasausasssne (W /m?)
w AaNIFTINURIINY (W /m?)

=} V ] g’
p, faanuaundasvayloirluenme (Pa)
t, AD AN NVBIFNIZUIANDY ('C)
fy  AadadunvadAIaNNYNdaNLARIVRITIINEY
T, Aegmwnnlveamer (C)
tr Ao mNINILHTIRARY ('C)
L= =) Q( v

h, fosulRNDNIIWIA NI (W/m°K)

fi1 PMV N0 b6 2280 AgunuanTe 2.3 S RIUUanaMURNI8uaI&n1za1m el

YTUSTHI

a ) P e A, : a
M139N 2.3 FLNALURAIALAESAMUANILVDIAN @]“H%Y]’]%’]Elﬂ’]ﬂ’]‘ﬂﬁ’)@]l,ﬂﬂﬂ PMV

a1 PMV -3 -2 -1 0 1 2 3
ANMURNIEY AU L ADUTN U ﬁauﬁwq’u 8% Sou
LEI%

1 VR 1 1 ¥
2.2 ANLLEAR ﬂ’)’]&lgﬁﬂ"ﬂ aanquaumaamw wInaaN (Thermal

Sensation Scale)

10

@1 Thermal Sensation (Ts) \Juaritnuenanuisnneulidesniniiaseuseudriniu

28913 lagldrinavas ASHRAE Lﬂuﬁmaﬂﬁaama:mmﬁﬁﬂ %qﬁ@hagi:%dw +3 (F0u

o v L 0’ d & 1
A1N) AUd -3 (1IN) waziruald 0 wainefisanuiEnauiewad dagUi 2.2 A TS 4

ama’fﬂmwjﬁﬂmﬁauﬁu PMV  u@az619nua3in PMV Tdaaudslunisdiwimvanaan

uwdshldfanududouannninTs  uagldanaududrigannnd Wesnandiudsdng 1

anlzlumadwinsm PMV - sawduaaudsinlenusaqiiluagioann hasanenaauls

mﬁhﬁfulﬁuﬂﬁlﬁ'ﬂmﬁwa@iammamm%aqm%mwﬁ'ﬁu
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+3 —— hot

+2 —— warm

+1 —|— slightly warm

0 —t neutral (comfortable)

-1 —|— slightly cool

-2 —— cool

-3 —— cold

The 7-point ASHRAE scale

E'i.lﬁ 2.2 Ltamﬂ’n&ljﬁﬂﬂladﬂﬁjuﬂu@iaﬁﬂ’l‘wLL’J@]&TE]&J (Thermal Sensation Scale)

Ts =0.245t, +0.248p, —6.475 (2.7)

We  p, Aeenwuandesvasiaiiluenme  (KPa)

A a v o
ﬂaqm%{}wadaﬂnun@aau (C)

Y] { 6
2.5 ﬂ?tlﬂiﬁiﬁlﬂi"lﬁﬁﬂ'\?gﬂ 29ANNEUY L%\?Qﬂbﬁﬂ'lw Thermal

Comfort

1umiﬁﬂmmmama:mwaumL%aqmﬂmw AANTOLRAI LA I uransan LT wLaadL
POULIAANELIY Comfort Zone LiawIAN aMNUAIWELNY Operative Temperature f
wanzaunsaugaadudiwsmilniaiais Predict Mean Vote (PMV) Liavnussniig
21meneauLlTeng g s daafouiy ana mmgmdwmﬁﬁwmmvloﬁ’agﬂuam’;mmm
wiold  Gasauilyang s]‘ﬁl,ﬁ'mﬁaq Fanger (Fanger 1972 [11]) lelauaauny 2.8 H9&NANT
2.12 WielFdmanvinunsnislwiaiads PMV i

2.5.1 aAIINITHAANRII1 11319018 Metabolic Rate (M)

WU ATININAANRIINWINIIINTYLHRIINNIVNAINTIN mﬂﬁ'«mﬁuﬁgﬂmaﬂﬂumtﬁﬁ

& < o 2 A '
Wun39h9rins oINeN M =260 W /m? & uw W =0 W /m?



{ 1 |2 v { a J 1 o o A 1
A1919N 2.4 ﬂ’]ﬂi&l’]ﬁ%ﬂ’)’]&]iﬂuﬁLﬂ@‘lluluiﬁdﬂ’]Uﬂﬁ%iﬂﬂﬁ]ﬂ‘i‘i&lLL@lﬂZﬂiZLﬂﬂ

2.5.2 Dubois Area (Nude Area) (A;,)

(Fanger, 1972 [11] )

FUAVAININTIY
NANITY franusan (Wim?)
UOU 40
e 60
[ 70
NHFIBNIH AaNTo%U (W/m)
SNUNIIRD 55
EHPY VSRR 60
NUNG 65
LA 100
PUN IR AauTan (W/m?)
T0OUR 60-115
IO 185

12

T ] ! Aa \ . o R A A !
WUNBNUBINNILAK LﬂquluajuﬂwNﬂ@]aﬂqiﬂqﬂlfﬂﬂ’lquiau vLﬁJuUi?NW%V]@nN‘]jaﬂ@nﬂ 9

VaInw

INFNI
u

A _ O 202 m0.425h0.725
Du — ™

DU fa  Dubois area
g WRWNVDIAK
h @a GRRER

(m?)

(Kg)
(m)

(2.8)

2.5.3 ANNAWMBANIANEINANNIaVadLFan1 Thermal Resistance of Clothing

(Icl)

WuaraudIwn NI EImaNNTauvad Fan

‘ifwmzlgjmmﬂmﬂuaﬂ auwAaanFariNrsn AT wawIwaNuTany RN LE

IMNFAT
u

Olesen and Neilson
l, =0.73x>clo+0.17

(2.9)

s ' : o
FINNAGONITOLNANTOUINN
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2.5.4 SadMNwNLToR1GaNwNA21319n18 The Clothing Area Factor (f,)
WuaansiwinnvaszarNavladaNwiITIINMENInLa

INFAI (Fanger 1972 [11])

(2.10)

cl

[100+12901,  for  1,<0.078 m*K/W
|1.05+0.6451,  for  1,>0.078 m*K/W

o = [Y
2.5.5 dn1l32@N5N1IN1ANITDW Convective Heat Transfer Coefficient (h.)

P o a £ Y a . 7 4
(Juaaudsz@NTNMINIaNNTaNINNRITIINMENINNA TIMIANE 2 LUUfa WUUMITIN

LUUFIINTIA  WazNITWILLLUIAY

INFAI (Fanger 1972 [11])
b 238, —t)°® for 238(t, —t,)°® >121%V," 2.11)
©12.1%v,% for  2.38(t, —t,)°%* <12.1*V,*°

2.5.6 qmﬂﬂﬁﬁ’uaaﬁ’]ﬁa’miﬁ Surface Temperature of Clothing (t,)

INFAI (Fanger 1972 [11])
L 35.7-0028(M —W)— I {3.96x10‘8 £ [ty +273) — (¢, + 273)4]} 212

+ fah.(ty —t,)
STl sENITIIAS AN 9 ERNIafuINMAN PMV WInANUIAN
wasvasaudulnafsatuannznedoninld  miliidlisududesldmmaseudas
Anasaudrwaninld LWiﬁzﬂ’]iﬂ@]ﬁE}Uﬁﬁ]ﬂﬁNa”ﬁlL%‘E]ﬁE]vL@ﬂuL%d&ﬁaﬁlzﬁadlfgﬂ@ﬁaU
$waninn Asidufivensulasmly wanluitfaotumnaspusznislsnald (1so
7730 Thermal Environment for Human Comfort, [13]) tL& Auliciems [14] W&z Szokolay [15]
Faimnuiues  Fanger 1ﬂﬁﬁup§wmauﬁ¢j’umuﬁhmsa;Jiluﬁmﬂ%’ummml,é’awhﬁfu
E%m%"ug}”ﬁﬁumsJﬁ'Uam’szmmﬁawﬁsim’laﬁﬂﬁﬂamuagjﬂi:ﬁ‘h amaz“?iﬂumahf:fﬁﬂ’h
amsm',wzéﬁuagj’ﬁ'uam'szﬁ;jﬂumdﬂf:@jul,ﬂml,ﬁuﬂuasma dnsnunsdnmiuganlu
NIINWY  Bush[16] wm’wqzvm:j“ﬁmmﬂﬁ@gnmaamammm51 ﬁmqmﬁgﬁlﬁmmm

28 °C %aganiﬁmﬁ Fanger Laz ASHRAE fnwua 13
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2.5.7 qmﬁgﬁﬂ’ﬁur}i%ﬂﬁmaﬂ Mean Radiant Temperature (t,,, ort,)

qm%qﬁmmﬂ%’oﬁmﬁﬂ wWisuialion ugmmnpiiaiuny AldanmsRansonizasmstnom-
anuSoulasuksag izijoi’mmﬂqﬂﬂaﬁuﬁaLn@ﬁamﬁuwﬁfaﬁauﬂmﬁ"u A8 T
ﬁmsmﬁNmamaammm%"auﬁg:yL%'slaaﬂmmnﬁmﬁfamaaiwmﬂ Auamnaaudiauis
RIMTIT89319M e %:Lﬁ@mﬂm%ﬁﬁmww%amﬁﬂﬂmi'@lqanﬁauﬁﬁqmﬁgﬁ@‘imdﬁ Tagdid
qm%{]ﬁmaaﬁmﬁim%aqm%gﬁmaaamwLn@ﬁamaué‘nﬂué’aLtﬂiﬁﬁwa@iaé'mﬁmi-
LaNLAERANNITEN TTRININIMERLEMNIIAEEN  IasNTUHSIR ﬁflqmﬁgﬁmﬁlwaa
FMWIARING  T9mMparaanInuRsIFauiouseanlda  ldenueussungeanan
9Ny G'fi\‘f[@Uﬁ"’svlﬂiwmwaaﬂuﬂﬂaﬁ]:ﬁqmﬂgﬁﬂizmm 35-36°C qm%{]ﬁmmﬁmﬁfa
tsznnaw 33.7°C LLazdauﬁuq G'fiammﬁ”auﬁs'wmsJNﬁmaaﬂmﬁ]:%ua%iﬁ'uﬁﬁmsmﬁﬁwaa
LERZAKLAZENIINIINRAAINNTOUTBITIINY

91Ngas (Kubaha K. [25] [26))

Tr:rt = T14¢P»1 +T24¢Pa2 + "'+Tl\?¢)P»N (2.13)

tyy A8 @MDINIUNTIE@RAD (C)

)
ty @8 aunnlivedntevias ('C)

)
@y A8 @1 View factor 32MINAUNUNIIRDY

2.6 ms@mmw%%

snsgaduiianldlunmsgaswnysy laun udafiiaimanisueu, 3anuaa, udafinaianag
a a [ a 6 6 [ 1 A o o L%

fwn (eglweanlsd), uazdlalad (luanaanidw) srgadusn 9 Sansucdszdrdiany
FIWTANAAE,  UTUNUVRIRNUNRL,  ANBMUZNINTTNLVRIVUIA JWTU  WATUUIAVDY

'
o [ A

auma lunIgaduminmamuwansusndmdyigafivhldiiaanuuandrs 2nin drgady

7Haen 9 AaanuildnnNiivasmsgaduu

2.6.1 ngﬂﬁl’]ﬁlmﬂﬂ’l‘gﬂa%

a J (% Y a 1 L% 1 a (% A a a s 6
wiIpnnldanasilownasaiia w1, dudu, uzwin, wWleanvasgnitn uaznAadim
A a v A o a J gj gj & 6
ntlaauy nTzUIwMILEanTW AL 2 Tuaawlayluiuaawusnids n1IaNTUa b

o ' o S A o o ° o o s A A v o ~
wrueAanTdon Sanotasnumsildesieuln @lesUndudivinluaaind Usiaan

=2 Aad a A ' ) A A : &
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¥ ]
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Usznauaiuan LwaLﬂumiqu‘wuﬂle\me‘mauﬁnﬂmm}auﬂ%m 1%“11%616%“/1&8\11%@1??
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A wa & a 6
M199N 2.5 awmﬂmamﬂmwmaami@@m’mmu (LRIUNWIR[30])

é’ag]wffu AW Mufitn PBnas  amamwusin Lﬁumﬁuﬁ
malu (913.8./ INT \T9tSanaslu NANIWI
(%) n3N)  (AUeN) snwiude (05w de (il
aL..) LAT)
waANLINLAA 55-75 600- 0.80- 0.35-0.50 150-200
ANTUa 1600 1.20
udafinnaiaaagdun  30-40  200-300  0.29- 0.90-1.00 180-200
0.37
luanaaigm 40-55  600-700  0.27- 0.80 30-90
0.38
FIANLIA 70 750 0.40 0.70 220

2.6.4 BANLIA
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v
> o -
2.8.3 ANAKVDI LA (Partial Pressure of Water Vapor)
A o 1 . g’ A [l d‘ly ¥ Y
AamnuauamzaIn (Partial Pressure) vadluianavedlaifiagluaimeadu dlgunsls-
a a Qs g > IQ/ U, Qs & 1 > a
1095 IANUARVDIDMATHANNARNIA LAABANNAKITIN  TINYINNUNATINYBIANNA

FINVDIANNNALAD LT ANAWRIWVDI latin
(2.15)

Wa  p, = enuawuuswsadlaiiluenme,  Pa
¢ = ANUTURUANDTVEIOME %
P, = ANuAKlaBuAL, Pa

2.8.4 anasnlasindnda

lum‘smqmawﬁamaommm%yummﬂ madfiadasms mslFanudulesisuduazsa
fauanuaudd adinanaldnnamanaslulewninduesihudmeanun...) wie
FWIMNENMITEY Hyland and Wexler (1983b) [ ] anadudusavasin (pasinad)

fniugunniiu 0 f19 200 'C @@

In(pws):%+C2+C3T+C4T2+C5T3+C6In(T) (2.16)

la  C,= —5.8002206E°
C, = —5.5162560

N

C, = —4.8640239E 2
C, = 4.1764768E
C, = —1.4452093E°

ol

C, = 6.5459673

A &V

In @8 8an5ITWT1G (Natural logarithm)

)Y

P, A8 ANUAKINA, Pa

)%

T @e qm%gﬁé’m&nﬁ, T =t+273.15

v
% 1 o . - -

2.8.5 9n31dm2a9lawn (Humidity Ratio)
a2 ') A A ' & 2 o ' o @ = &
ANV I UT RN LT LN T Sﬂ\maQ’Lummmmwuﬂﬁmﬂaua(?,ooo LT

] % [ >3 1 .:3’ = t:!' (% = n' a J
Winnu 1 daud) aamamwanuzuluainaazidiasfiiane s ldinainySunmanuon
Fnlniliunaimea wia WinTiianustuwaanatnainalaayvinlwainudwnawanilne
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qﬂmﬂa

2.8.6 9AIAINAINTW (Humidity ratio)

wihiudamaulua (Mole fraction ratio) fia x,, / X, Amkdasa@IwuIalulana (Molecular
masses) Ao 18.015/28.964 = 0.622

azle
W = 0.622& (2.17)
Xa
Pa Pa
DRY AIR X, =—2 =2 (2.18)
P,+P, P
PW PW
Water vapor Xy=—"—"=— (2.19)
P,+P, P
il P=P,+P, (2.20)
o X P
A W =0.622—* (2.21)
P-P

2.8.7 ANMNTWANNNS (Relative Humidity)

a ] o

A Q 1 o g’ ~a A {
ﬂaa@mmu"naommﬂmmaﬂam XW Iummﬂ 13 UiL?M%HGV}QNNW@IQ‘ﬂ’]%'JuINN (Mole
dl a

fraction) wavlatinduear X, w e WRnmanusugige) Ngmnninszihzuisuazi

q U

ANUARLITENNNG DULALING

XW
¢_x

WS

(2.22)

2.8.8 30150391 WIZBBIDINETH (Humid Specific Volume)

9130197 2 NETUA D RUILUNRINANALIAS

&

8.9 3A11A19 (Dew Point)

N

aqm%gﬁﬁm’m%um aluanasunaunaidunrsaiin qmwgﬁﬁ,’]ﬁ’lwaammm:"l,&imﬁ

2
' 1 1 a o

YnagNy A19ATNEIBAINNTH ﬁﬁé’@mﬁmmm%ulummﬁﬁmn qmﬁnm@mﬁw%gd 3

U U 9

De OB

AATEIBANNTH RN AT D qm%nﬁq@ﬁ,ﬁﬁm:@‘h
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2.8.10 Lawnail (Enthalpy)

ADWRIINWATOUS NI AN NI AUV DI N AT UG DR UIDUIRINDINALAS LThaINLaUNIAT)

v A e &a P’ o ' = s @ & o &
PasamMauAsiiainnuawii gannil 0 °F LmLaumaﬂmaavl,amm’mugmm 32 °F asni
2z ldauniatluasanALRIaIgNns

h = Ct KJ/Kg (2.23)

a p

' A & A o ~ &
LL@IL@%YI’]&‘IJ“U?N@’]WWI"H% = Lauﬂ’]aﬂmaﬁa’]ﬂﬁlﬂu%ﬂ + L@%Yl’]ﬂﬂ“ﬂaﬂvlauﬁ

FIToH
h=C,t+Wh, KJ/Kg (2.24)
h @s euowrsilesmnuduluonma  KJ/Kg
W @a  seamsiuanuiu
h, @8 fAaAuaunaldwIzdwIuaINeAwAs KJ /Kg
h, @8 lawriailsunzaasleindue KJ /Kg

%

Anlagdszunmed h, uaz hyiduasii

h, =1.006t
(2.25)

h, = 2501+1.805t
(2.26)

e t Aa gonnilinazitheudy , C

o & v, a & o
mum:"l@mLaumaﬂmaomwmﬂummﬂ h ayguns

h =1.006t +W (2501+1.805t) (2.27)
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2.8.11 1asitwaANNBH (Percentage Humidity) 3000318 IHAMNINA

(Saturation Ratio)

AR0AINRIUANNTUY DI NATULRZDAINRIUAMNTUY D mmﬂﬁuﬁaﬁqmﬁnﬁ@ 29N %

U

2.9 AMNAINITANIANNLE W [32]

A & A o ¥ = & A o V@
Aaanuiduildanunasiiiiu uazgUniniuaniddouainuiou Heat Exchanger datalud
& ' a A | o o A 4 !
lasiduadSoufisusznininaasnasnuanusawsasamanidaswudas s2rine e
WHuantedaning (@uidulrasananszuuyinanuiu) dadalaus Jaunisadsit

Q =%(hr “h,) Kifhr  (2.28)

Wa  enneft 3.968 Btu = 4.187 KJ

uasnsiag 1w Btu/hr  ale

3.968V
=22 (h, —h,) Btu/hr  (2.29)
4.187v
A A ° I
LB Q @A eNVRIWININANNLEW,  Btu/hr
V fe YSunasanlnaciiu qﬂmﬂil,l,amﬂﬁﬂumm%au, m3/hr
A a o o et ‘ﬂq/ 3
v aatiunasduwizsnIuanuIwaa, m°/kg
h, Aateunatvasannanisenusadannay KJ/Kg
h, Aalauratvasanneanmsdiusadandng  KJ/Kg

210 ﬂ"lﬁ'fhﬂlﬂﬂﬁqad%/a%ﬂqad“qﬁsg']% ASHRAE
mM3lFuaanawiundsuamanisluiadnasss aziiana lnmsansinanysen 2 vhia
TTRIHMIUATITANUTDUUAZNITNIANNTE

2.10.1 N1sEmnANNITanlALNITUHITIRANTO (Radiant Heat Transfer)

° I . o L o = o { o &
ﬂ’]iﬂ’]%'ﬁm@@]i’m’]iﬂqElLﬂﬂ’]']lliaui(ﬂElﬂ']‘iLLNix‘]a?Jﬂ\‘iﬂl’]LW@]W%LU%'@&BW?IUﬁﬂJﬂ’]iﬁ‘W@Nuﬁ‘U%
198 Min et al. [33]

-8 4 4
0, = 5x10°°|(AUST +273)* (¢, + 273 | (2.30)
q, Ao AINILKIIRANTaw Watt/m?
A a t-ﬂl An ~ o
t, ABATMRNULRARENHIVBILHILWATULE C
A a dl 1 :’ a dy nll dq, a dl 1 o ~
AUST h) qnmg3Jmaslmamﬂuﬂwumadwumﬂummmmu

(Area — Weighted Average TemperatureoC )
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2.10.2 N1IALNANNIDRIALNITHNIAINT DM (Convective Heat Transfer)

v { a J { v < a v & v
mswwmﬁmauﬁm@"uulm:uuﬁhummeumu I@Elllﬂ(?'lLLQ’Jﬁ]le]%ﬂ'ﬁW’]ﬂ'J']lliauLLUU

' '
A o A

a a J 1 YY) < { v
DIFINTA m@mumnmammﬂqmmu@ QQIWNWLW@’]HLU% QﬂLW]%“?]@]']EJ&J’)@ﬂ’]ﬂ’]ﬁ

annnlgInayluwas
9 U U U

q, = 2.31(t, —t,)"* (2.31)

1 v

g, Ao emIawianusaulasissyiuma Watt/m?
=) a dl dla I3 o
AoaMNDNIARNRIVBILHINALEY C

t ﬁaqmﬂgﬁmmﬁ C
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¢
3.1.2 aammnua:a%‘muwammu

ANTANUULLAZRI LAY lasdnannisae lwduiulvalwuaranaduad ey
1 a‘ly = a s 1 Aa A qxddql/ nlltl/ s A > ' 1 %
ranasuaviiaziafanuuduazgiitiow Tao A NN FUNERIaLAL N WIZHINY aNaILAINY
LLNuazgﬁLﬁwmnﬁq@ Lﬁ'amithﬂmmw%am:ﬂiﬁwia‘naaLLmﬁ'ULLNua:gﬁLﬁwvlﬁLﬂu

28198 TUNIT UM TRV NUNFIRITUNIZUIRNNTURTIRANNTOU

wrsvnL i (Cooling Panels) vlﬁﬁwmsaaﬂLLuulﬁLLNuaxg}ﬁLﬁw 7w 2 Taauas) Janu
A119 2.45 LWAT 817 3 LUAT TUTWIITTRINIYIENEILAY 80 UaRNAT Iaiauldsvadrie-
NBILAILYINNL 40 UARLNAT s:zlz‘ﬁ'wwaaﬁ;@ﬂuﬁﬂmmaum@ﬁﬂmﬂﬁtmaaﬁmmama-
NOILAILYINY 2.32 LUAT *ViamaoLLmﬁmmméTuchugmﬁﬂmawhﬁ'u 1 L TWALNAT D9
5’1Uazlfé'ﬂ@é’dﬂﬁi’nmmf?l,ﬂwl’j”ﬁagﬂﬁ 3.2

NONDIULAY
D=1 cm.

80mm R40mm L

2.32m 2.45m

3m

31 3.2 wnuNaLE% (Cooling Panels)
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Inndawdiam

1/9/200718:00 .

1/9/2007 18:40 .
1/9/2007 19:20 w.
1/9/2007 20:00 .
1/9/2007 20:40 w.
1/9/2007 21:20 w.
1/9/2007 22:00 .
1/9/2007 22:40 w.
1/9/2007 23:20 w.

2/9/2007 0:00 .
2/9/2007 0:40 w.
2/9/2007 1:20 .
2/9/2007 2:00 .
2/9/2007 2:40 .
2/9/2007 3:20 .
2/9/2007 4:00 .
2/9/2007 4:40 .
2/9/2007 5:20 .
2/9/2007 6:00 .
2/9/2007 6:40 w.
2/9/2007 7:20 .
2/9/2007 8:00 .
2/9/2007 8:40 .
2/9/2007 9:20 .

2/9/2007 10:00 .
2/9/2007 10:40 .
2/9/2007 11:20 .
2/9/2007 12:00 .
2/9/2007 12:40 w.
2/9/2007 13:20 W.
2/9/2007 14:00 .
2/9/2007 14:40 w.
2/9/2007 15:20 .
2/9/2007 16:00 .

AARNTUNS
LN LE
Tp (C)

27.9
27.5
27.5
27.5
27.5
27.6
27.8
27.5
26.2
26.2
26.4
26.5
26.6
26.6
26.5
26.5
26.5
26.5
26.5
26.6
26.6
26.8
271
27 1
27.2
27.5
27.6
28.4
29
28.4
28.1
28.1
28.1
28.3

T.i(C)
26.7
26.4
26.5
26.5
26.6
26.8
26.9
26.2
24.9
25.2
255
25.7
258
25.8
258
25.7
256
25.7
25.8
25.8
25.8

26
26.1
26
26.2
26.3
26.3
27.2
27.5
26.9
26.8
26.7
26.9
26.8

amnnil
Whaan
Tuo(C)
26.8
26.5
26.5
26.5
26.7
26.8
27
26.5
25
25.2
25.5
25.8
25.8
25.8
25.8
25.8
25.7
25.8
25.8
25.9
25.8
26.1
26.2
26.2
26.3
26.5
26.5
27.3
27.8
271
27
26.8
27.1
271

amnilonne
Mouan
T,.(C)
30.4
29.8
29.6
29.5
29.4
29.3
29.3
29.2
28.5
28.3
28.2
28.1
28.1
28.1
28.1
28.1
27.9
27.9
27.8
27.9
28.1
28.3
29
29.3
29.8
30.1
30.4
31.6
32.3
31.4
31.2
30.8
31
31.2

amnilonne
maluias
T.:(C)
29.8
29.6
29.5
29.4
29.2
29.2
29.2
28.1
27.5
27.2
27.5
27.4
27.2
27.5
274
27.4
27.3
27.2
27.2
27.2
27.6
28.3
28.8
29.3
29.7
29.8
30.2
31
31.4
30.3
30.5
30.1
31
30.9
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WwARawAIm QRN ALNY annil annil amnilonne amrnlane
LNAWLE T Mnh Wnaan Muuan maluias
T,(C) T, (C) Tuo (C) T, (C) T, (C)
2/9/2007 18:00 . 27.8 26.5 26.8 304 30.1
2/9/2007 18:40 . 27.8 26.5 26.8 30.4 30.1
2/9/2007 19:20 . 27.8 26.5 26.8 304 30.1
2/9/2007 20:00 . 27.8 26.5 26.8 30.4 30.1
2/9/2007 20:40 . 27.8 26.5 26.8 30.4 301
2/9/2007 21:20 . 27.8 26.5 26.8 30.4 30.1
2/9/2007 22:00 . 27.8 26.5 26.8 30.4 301
2/9/2007 22:40 . 27.8 26.5 26.8 30.4 30.1
2/9/2007 23:20 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 0:00 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 0:40 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 1:20 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 2:00 %. 27.8 26.5 26.8 30.4 30.1
3/9/2007 2:40 %. 27.8 26.5 26.8 304 30.1
3/9/2007 3:20 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 4:00 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 4:40 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 5:20 4. 27.8 26.5 26.8 30.4 30.1
3/9/2007 6:00 . 27.8 26.5 26.8 30.4 27
3/9/2007 6:40 . 27.8 26.5 26.8 30.4 27.3
3/9/2007 7:20 . 27.8 26.5 26.8 30.4 27.4
3/9/2007 8:00 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 8:40 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 9:20 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 10:00 b. 27.8 26.5 26.8 30.4 30.1
3/9/2007 10:40 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 11:20 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 12:00 b. 27.8 26.5 26.8 30.4 30.1
3/9/2007 12:40 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 13:20 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 14:00 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 14:40 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 15:20 . 27.8 26.5 26.8 30.4 30.1
3/9/2007 16:00 b. 27.8 26.5 26.8 30.4 30.1
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Lﬂ%ﬂﬂLﬁUqu%{}ﬁTﬂdﬂﬁﬂ’]ﬂ malmmzmsuaﬂ RoINANDI Lﬁéﬂ.‘ﬁ WNIELE W LNB9BENd

a o A = a
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nndawdiam

3/9/2007 18:00 .
3/9/2007 18:40 .
3/9/2007 19:20 .
3/9/2007 20:00 .
3/9/2007 20:40 .
3/9/2007 21:20 W.
3/9/2007 22:00 .
3/9/2007 22:40 w.
3/9/2007 23:20 .

4/9/2007 0:00 .
4/9/2007 0:40 .
4/9/2007 1:20 W.
4/9/2007 2:00 .
4/9/2007 2:40 W.
4/9/2007 3:20 W.
4/9/2007 4:00 .
4/9/2007 4:40 W.
4/9/2007 5:20 .
4/9/2007 6:00 .
4/9/2007 6:40 .
4/9/2007 7:20 .
4/9/2007 8:00 1.
4/9/2007 8:40 .
4/9/2007 9:20 W.

4/9/2007 10:00 .
4/9/2007 10:40 .
4/9/2007 11:20 .
4/9/2007 12:00 .
4/9/2007 12:40 .
4/9/2007 13:20 .
4/9/2007 14:00 .
4/9/2007 14:40 .
4/9/2007 15:20 .
4/9/2007 16:00 .

ARNTUNS
LN LT
Tp (C)

27.8
27.8
27.5
27.6
27.4
27.3
271
27.3
27.3
27.2
27.2
27.4
27.4
27.3
27.5
27.2
26.8
26.8
26.7
26.7
26.6
26.6
26.6
26.8
27
27.2
27.2
27.2
27
27.6
27.8
27.8
28
27.6

T.i(C)
26.8
26.8
26.6
26.7
26.5
26.2
26.1
26.5
26.5
26.4
26.5
26.7
26.8
26.8
26.9
26.4
26.1
26.2

26
26
257
256
255
256
25.8
259
25.7
25.2
25.7
26.5
26.6
26.9
27.2
26.6

amnnil
Whaan
TWO (OC)
26.9
26.8
26.7
26.8
26.5
26.4
26.2
26.6
26.5
26.5
26.5
26.8
26.8
26.8
27
26.5
26.2
26.2
26.1
26.1
25.8
25.7
255
25.7
25.9
26.1
25.9
25.9
25.8
26.6
26.8
271
27.3
26.8

amnilonne
Mouan
T..(C)
30.1
29.8
29.5
29.4
29.4
29.2
29.1
28.9
29
28.9
28.9
28.7
28.7
28.6
28.7
28.5
28.2
28.1
28.1
28.2
28.2
28.4
28.8
29.1
29.6
30
30.3
30.2
30
30.3
30.3
30.2
30.1
30.1

amnilonne
maluias
T.(C)
29.8
29.5
29.3
29.3
29.2
28.5
28.4
28.5
28.6
28.4
28.5
28.1
27.8
27.8
27.9
27.8
274
27.5
27.3
27.6
27.7
27.9
28.6
29.1
29.3
29.8
29.8
29.8
30.3
30.2
30
29.5
29.4
29.4



96
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muﬁﬂummﬂmy‘luﬁaamaaa Lﬂ%wLﬁsmmﬂmmn@hwaaqm%nﬂﬁmmﬂmsluﬁaaﬁu
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2550

e AARNTUNS q;}mgﬁ q?mgﬁ ammnilionme ammnilone
LA LT i aan Mauan melurad
Tp (OC) Twi(oC) Two (OC) Tao (OC) Tai(oc)
4/12/2007 15:00 . 30.7 31.0 30.5 34.2 33.3
4/12/2007 15:52 . 30.1 30.3 29.9 32.0 33.2
4/12/2007 16:32 . 29.7 29.9 29.4 31.4 33.0
4/12/2007 17:00 . 28.5 29.1 28.1 30.9 31.5
4/12/2007 17:52 . 27.6 27.8 271 30.3 30.1
4/12/2007 18:32 . 26.8 271 26.5 29.9 29.2
4/12/2007 19:00 . 26.6 26.8 26.2 29.5 28.4
4/12/2007 19:52 . 25.8 26.1 25.5 29.3 28.0
4/12/2007 20:32 . 25.7 25.8 25.3 29.1 27.6
4/12/2007 21:00 . 255 25.7 25.2 28.9 27.4
4/12/2007 21:52 . 25.4 25.5 25.1 28.7 27.2
4/12/2007 22:32 . 25.2 25.4 24.8 28.4 26.9
4/12/2007 23:00 . 25.0 251 24.5 28.3 26.7
4/12/2007 23:52 . 24.9 25.1 24.5 28.0 26.5
5/12/2007 0:32 1. 24.8 25.0 24.2 27.9 26.2
5/12/2007 1:00 . 24.5 24.7 241 27.6 26.0
5/12/2007 1:52 . 24.3 24 .4 24.0 27.5 25.8
5/12/2007 2:32 . 241 24 .4 23.5 27.5 25.7
5/12/2007 3:00 . 24.0 24.2 235 27.3 25.6
5/12/2007 3:52 . 24.0 241 23.7 27.2 25.5
5/12/2007 4:32 . 23.9 241 23.6 271 25.3
5/12/2007 5:00 1. 23.9 24.0 23.6 27.0 25.2
5/12/2007 5:52 . 23.9 24.0 23.6 27.0 25.2
5/12/2007 6:32 . 23.9 23.9 23.6 26.7 251
5/12/2007 7:00 . 23.7 23.9 235 26.7 25.0
5/12/2007 7:52 . 23.7 23.9 23.5 26.1 24.9
5/12/2007 8:32 . 23.9 24.0 23.6 26.9 25.0
5/12/2007 9:00 . 24.4 24.5 24.2 27.3 25.5
5/12/2007 9:52 . 25.0 25.2 24.9 27.8 26.2
5/12/2007 10:32 1. 26.0 26.2 25.8 28.4 271

5/12/2007 11:00 . 27.0 27.2 26.8 29.2 28.3
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muﬁﬂummﬂmﬂluﬁaamaao nJ'%mJLﬁsumwmmn@hwaaqm%gﬁmmﬂmy‘luﬁaaﬁu
qmﬁgﬁmmﬂmsluanﬁ”aﬂ@zfl,‘*ﬁﬁﬂLﬁuﬁnﬂﬂaﬁuﬁmﬂumiﬁﬂmmLﬁu . 7 5 Tunaw
2550

e AARNTUNS q;}mgﬁ q?mgﬁ ammnilionme ammnilone
LA LT i aan Mauan melurad
Tp (OC) Twi(oC) Two (OC) Tao (OC) Tai(oc)
5/12/2007 16:00 3. 28.4 28.5 28.1 29.8 30.1
5/12/2007 16:24 . 28.0 28.1 27.7 29.8 29.8
5/12/2007 16:56 . 27.8 28.0 27.5 29.5 29.5
5/12/2007 17:28 . 27.3 27.5 26.9 29.2 29.1
5/12/2007 18:00 . 27.0 271 26.6 29.1 28.7
5/12/2007 18:24 . 26.7 26.8 26.2 28.9 28.3
5/12/2007 18:56 . 26.3 26.4 25.8 28.7 27.9
5/12/2007 19:28 . 26.1 26.2 25.7 28.7 27.7
5/12/2007 20:00 . 26.0 26.2 25.7 28.7 27.5
5/12/2007 20:24 . 26.0 26.2 25.7 28.7 27.5
5/12/2007 20:56 . 26.0 26.3 25.5 28.4 27.4
5/12/2007 21:28 . 26.1 26.2 254 28.4 27.3
5/12/2007 22:00 . 25.8 26.1 25.3 28.3 27.2
5/12/2007 22:24 . 25.7 25.8 25.4 28.2 27.2
5/12/2007 22:56 . 25.6 25.8 25.1 28.1 271
5/12/2007 23:28 . 25.5 25.8 25.1 28.1 27.0
5/12/2007 0:00 1. 25.5 25.8 25.2 28.0 26.9
6/12/2007 0:24 . 25.6 25.8 25.4 27.9 26.8
6/12/2007 0:56 . 25.4 25.7 25.0 27.7 26.7
6/12/2007 1:28 . 25.1 25.4 24.8 27.5 26.4
6/12/2007 2:00 . 25.0 25.1 24.8 27.5 26.2
6/12/2007 2:24 . 24.8 249 24.5 27.3 26.1
6/12/2007 2:56 . 24.6 24.8 24.4 27.3 259
6/12/2007 3:28 . 24.5 24.6 24.2 27.2 25.8
6/12/2007 4:00 . 24.3 24.5 241 271 25.8
6/12/2007 4:24 . 24.2 24 .4 23.9 26.9 25.6
6/12/2007 4:56 . 24.2 24.2 23.9 27.0 25.5
6/12/2007 5:28 . 241 24.2 23.9 26.9 25.4
6/12/2007 6:00 1. 24.0 24.2 23.8 26.8 25.3
6/12/2007 6:24 . 23.9 24.0 23.6 26.7 25.2

6/12/2007 6:56 1. 23.9 24.0 23.6 26.7 25.2
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2550

e AARNTUNS q;}mgﬁ q?mgﬁ ammnilionme ammnilone
LA LT i aan Mauan melurad
Tp (OC) Twi(oC) Two (OC) Tao (OC) Tai(oc)
6/12/2007 16:30 %. 30.4 30.7 30.1 31.5 32.6
6/12/2007 17:04 . 29.3 29.7 28.9 31.0 31.4
6/12/2007 17:36 . 28.6 28.9 28.2 30.7 30.6
6/12/2007 18:08 . 27.8 28.1 27.3 30.3 29.9
6/12/2007 18:30 . 27.5 27.8 27.2 30.2 29.5
6/12/2007 19:04 . 27.2 27.4 26.9 30.0 29.1
6/12/2007 19:36 . 271 27.2 26.8 29.8 28.8
6/12/2007 20:08 . 271 27.2 26.8 29.7 28.7
6/12/2007 20:30 . 26.8 26.9 26.5 29.6 28.5
6/12/2007 21:04 1. 26.8 26.9 26.5 29.5 28.4
6/12/2007 21:36 . 26.7 26.9 26.5 29.3 28.2
6/12/2007 22:08 . 26.8 26.9 26.5 29.3 28.1
6/12/2007 22:30 . 26.8 27.0 26.6 29.2 28.1
6/12/2007 23:04 . 26.8 26.9 26.5 29.1 28.0
6/12/2007 23:36 . 26.7 26.8 26.5 29.1 27.9
7/12/2007 0:08 . 26.3 26.5 26.0 28.9 27.8
7/12/2007 0:30 . 26.4 26.5 26.2 28.8 27.6
7/12/2007 1:04 . 25.9 26.5 25.6 28.7 27.5
7/12/2007 1:36 . 25.5 25.6 251 28.5 27.2
7/12/2007 2:08 . 25.2 25.4 25.0 28.4 27.0
7/12/2007 2:30 . 25.2 25.2 24.8 28.2 26.8
7/12/2007 3:04 . 25.0 25.2 24.8 28.1 26.5
7/12/2007 3:36 . 25.0 251 24.8 27.8 26.5
7/12/2007 4:08 1. 24.8 24.9 24.5 27.7 26.2
7/12/2007 4:30 1. 24.7 24.8 24.4 27.5 26.0
7/12/2007 5:04 1. 24.4 24.6 24.2 27.4 25.8
7/12/2007 5:36 . 24.2 24 .4 24.0 27.2 25.6
7/12/2007 6:08 . 24.2 24.3 23.9 27.2 25.5
7/12/2007 6:30 1. 24.2 24.3 23.9 271 25.4
7/12/2007 7:04 . 241 24.2 23.9 271 25.4

7/12/2007 7:36 W. 243 245 241 27.2 254
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SamsIMANITY SamEIUANNTY
128 malu nauan awnnlenuwandiy | aun)iiduauge
W, (K9 / kG gryair ) W, (K9 /K gryair ) T sup('C) Tsuc('C)
16:35 0.004270632 0.017949885 31.7 31.2
16:45 0.004313851 0.01764942 32.8 30.8
16:55 0.004357075 0.017408277 32.6 30.1
17:05 0.004400306 0.017839069 32.6 30.3
17:15 0.004443542 0.017662283 32.4 30.4
17:25 0.004486785 0.017483827 32.1 29.8
17:35 0.004530033 0.017868398 31.8 29.7
17:45 0.004573288 0.017787073 31.6 29.7
17:55 0.004616548 0.017783556 31.5 29.8
18:05 0.004659814 0.017684791 31.3 29.5
18:15 0.004703087 0.017608645 31.1 29.3
18:25 0.004746365 0.017423391 31.0 29.3
18:35 0.004789649 0.017766689 30.9 29.4
18:45 0.00483294 0.018005978 30.8 29.3
18:55 0.004876236 0.01805523 30.7 29.1
19:05 0.004919538 0.018133855 30.6 29.1
19:15 0.004962846 0.018204237 30.5 28.9
19:25 0.005006161 0.018422311 30.4 29.1
19:35 0.005049481 0.018489436 30.3 28.9
19:45 0.005092807 0.018121834 30.3 28.8
19:55 0.005136139 0.018048781 30.2 28.9
20:05 0.005179477 0.018276428 30.2 28.8
20:15 0.005222821 0.018096076 30.2 28.8
20:25 0.005266172 0.018281993 30.1 28.9
20:35 0.005309528 0.018730452 30.1 29.0
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20:45 0.00535289 0.01858584 30.1 28.8
20:55 0.005396258 0.018973026 30.1 28.8
21:05 0.005439632 0.019142569 30.1 28.7
21:15 0.005483012 0.019438267 30.0 28.8
21:25 0.005526398 0.019515873 30.0 28.8
21:35 0.00556979 0.019708299 30.0 28.7
21:45 0.005613189 0.019451025 30.0 28.7
21:55 0.005656593 0.019722913 29.9 28.8
22:05 0.005700003 0.019322465 29.8 28.7
22:15 0.005743419 0.019800588 29.6 28.8
22:25 0.005786841 0.019451025 29.5 28.7




101

C!l = =y s 1 ‘ﬂcp a v A [ 3/ [
M1319% N.8 LIPUINYY 9OTRIUANUTY Lm:qnmnuummlu%aomaaammvlmmmmu

L & A Ao &
IMNMABNILD LA B Nﬁ]’]uquLLNﬁﬂﬂﬂ’J’]Nﬁu 3 LN

SamsIMANITY SamEIUANNTY
128 malu nauan amnnlenuandny | amnpienuanga
W, (K9 /kggryair) W, (K9 /K gryair ) T sup('C) Tsuc('C)
23:01 0.020888 0.019285 29.5 28.1
23:17 0.020865 0.019227 29.7 28.2
23:33 0.019028 0.019177 31.0 28.2
23:49 0.016248 0.019152 32.2 28.2
0:05 0.014814 0.019177 31.8 28.2
0:21 0.014096 0.019211 31.3 28.1
0:37 0.013853 0.019195 31.0 28.0
0:52 0.013777 0.019367 30.8 28.0
1:08 0.01373 0.018948 30.6 28.0
1:24 0.013905 0.018271 30.4 27.9
1:40 0.014101 0.018051 30.2 27.9
1:56 0.014074 0.017919 301 27.8
2:12 0.014182 0.017685 30.0 27.9
2:28 0.014262 0.017667 29.9 27.7
2:44 0.014421 0.017825 29.8 27.6
3:00 0.014524 0.017766 29.7 27.5
3:16 0.014679 0.017981 29.6 275
3:32 0.014771 0.017991 29.4 27.4
3:48 0.014946 0.018034 29.3 27.2
4:04 0.015182 0.017949 29.3 27.1
4:20 0.01525 0.017949 29.2 27.1
4:36 0.015406 0.017762 29.2 27.1
4:52 0.015485 0.017846 29.2 27.2
5:08 0.015509 0.017887 29.0 27
5:24 0.015638 0.018034 29.0 27.2
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5:40 0.015752 0.017947 28.9 26.8
5:55 0.015914 0.017975 28.8 26.7
6:11 0.015954 0.017759 28.6 26.5
6:27 0.016131 0.017808 28.6 26.4
6:43 0.016257 0.018084 28.6 26.8
6:59 0.016308 0.017952 28.6 26.7
7:15 0.016384 0.017963 28.6 26.9
7:31 0.016533 0.018019 28.7 271
T7:47 0.016756 0.018119 28.9 273
8:03 0.016908 0.018028 29.0 275
8:19 0.017035 0.018516 291 27.9
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SATEINAINT SATEINAINT
128 mulu mawan gD Ae AN aMANAAWAINGa
W, (KQ /KGgryair) | W, (KG /KD gy ) T sup('C) Tsuc('C)
17:28 0.019184 0.019227 29.1 29
17:44 0.019263 0.019068 29.1 29.3
18:00 0.018775 0.019808 28.9 29.5
18:16 0.013934 0.019601 33.0 29.6
18:32 0.012015 0.020209 32.2 29.7
18:48 0.011186 0.019905 31.5 29.4
19:04 0.010804 0.019673 30.9 29.5
19:20 0.010785 0.019698 30.6 29.8
19:36 0.0109 0.019533 30.3 29.8
19:52 0.010873 0.019643 30.0 29.8
20:08 0.011067 0.019643 29.8 29.8
20:24 0.011147 0.01978 29.8 29.8
20:40 0.011281 0.019752 29.6 29.8
20:56 0.01153 0.019309 29.5 29.7
21:12 0.011639 0.019194 29.2 29.6
21:28 0.011633 0.017819 28.6 29.1
21:44 0.011595 0.017816 28.4 28.9
22:00 0.011821 0.01753 28.3 28.8
22:16 0.011873 0.016764 28.2 28.6
22:32 0.011924 0.016715 28.1 28.5
22:48 0.012022 0.01659 28.0 28.4
23:04 0.011952 0.016666 27.8 28.3
23:20 0.012023 0.016715 27.8 28.2
23:36 0.012046 0.016963 27.6 28.2
23:52 0.012185 0.016985 27.5 281
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0:08 0.012206 0.017006 274 28
0:24 0.012272 0.017002 27.3 27.9
0:40 0.012365 0.016953 27.3 27.9
0:56 0.012453 0.016852 272 27.8
1:12 0.012424 0.016586 271 27.8
1:28 0.012509 0.016487 27.0 27.7
1:44 0.012555 0.016511 27.0 27.7
2:00 0.012571 0.016532 26.9 27.6
2:16 0.012593 0.016484 26.9 27.6
2:32 0.012684 0.016579 26.9 27.6
2:48 0.012797 0.016603 26.9 27.6
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A8819NITATWIMAIATHNNTIRIALRAE (A1 PMV)

mMsfmmiginisinaais (PMV) lasrmuassudsdasdu aoil UAAARNaFaL
agjﬂué’num:vﬁﬁo PNNHIINTTANUAGaGITasaNTIE 1 1AT RN 62 Alansa
§9 170 Loufiuas FINLROLB ALY AN, NNINITIB, NLNITIle, ‘Lﬁ%quﬁw, 789110
TayanInasay mﬂiﬁmamemﬁuiauﬁmzwg}@ﬂﬁumm%mﬁammaum%aqmﬂ
MW Eesudl 5 wgsnnay 2551 1981 7.00 % 1°ﬁLLm<g]@1mm°§u 3 uwd ganniane
muluias 27.6 °C anutusuinivasanmeameluioinanas 57.3 %

M=60W/m> W=0W/m> t =27.6C=300.6K RH =57.3 %

AU ANUAKDNAIVDIAINAUNNTVBS Hyland and Wexler [ ] dwiuganmnilcnm 0
194200 'C @e

In(PWS):%+C2+C3T+C4T2+C5T3+C6 In(T) (12)

dla C, = —5.8002206E>
C, = —5.5162560
C, = —4.8640239E 2
C, = 4.1764768E
C, = —1.4452093E"°
C, = 6.5459673

In A8 RDNFITNTA (Natural logarithm)

'
a

P, AOAUAKDNAI, Pa

T @a qmwnﬂﬁé’wyjirﬁ, T =t+273.15

LNWA
In(P,,) =1.298 - P, =366 KPa
P, =(P, *RH)/100 P, =(3.66*57.3)/100
P, =2.097 KPa
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o IROLTAUUBEY ANNUAWNIWLTIANNTER = 0.15 clo
o NNLNNTIENIRD ANNNUA BN WLTIANNTEU = 0.25 clo
° maLm%ﬂu AN BNIWLTIANNTaW= 0.05 clo
o U AN BNIMLTIAINNTaK= 0.02 clo
o JAILN ANNNUA NI WLTIANNTEU = 0.04 clo

AMNATUNIETININNTDWIIN
cho WinNu 0.51 clo

AAnuFumMuMsENsnanuanven e iild
I, =0.73x>clo+0.17 Olesen and Neilson
-1, =0.5423 clo
l1clo = 0155 m’K/W
1, = 0.084 m? K/W

cl

The Clothing Area Factor(f)

) ! A& A & o 4 N &
Lﬂuaﬂi’lmu‘wu"nmadLaaN’W]Eﬁﬂﬁ@lawumi’mﬂ’mﬂdﬂuﬂﬂ’mg{@i

1.00+1.2901,  for I, <0.078m2K /W
©|1.05+06451,  for I, >0.078m?K /W

cl

\flasandn 1,=0084 m?-K/W @3 I, >0.078m°K /W

davudsligas f, =1.05+0.6451,
f, =1.05+(0.645x0.084)

=1.1042

Convective Heat Transfer Coefficient

Hudndu sz AN ImnanutanInfiemenanue 4snewnd 2 wwude wuumIwn
LWUUBITNTIA LAZNITAILLUUIAY z%m%’uﬁ’am@aaaﬁi‘fﬁ@au@@%guﬁUummﬂ
moluies driusalunswiuuuITaey Force Convection

IMNFAI
U

2.38(t, —t,)°* for  2.38(t, —t,)%* >12.1*V,*®
12.1%V,%° for  2.38(t, —t,)°% <12.1*V *°

c
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dasnannizluwes o anuiSanldan 05 m/s Gufin 0.3 m/s

é’qifu%eﬂ%gm h, =12.1(0.5)°°

Felufittazsinen h, =12.1(0.5)*° "LjJLmulugmmaa t, Lﬁammmaatd ez h
- h =855 W/m?'K

c

Mean Radiant Temperature [Kusakana]

IMNFAI
U

tmrt = 4\l ¢X (ta + 273)4

P = (DNORTH WALL + (pSOUTH WALL + (pWEST WALL + ¢EAST WALL T Prroor T PeeiinG

0 =0.98

LA

t,, =4/0.98x (27.6+273)"
= 296.77 K
=2608 C

Surface Temperature of Clothing (t,)

IMNFAI
U

t, =35.7-0.028(M —W) — I, 3.96x10°° f ,|(t, +273)" — (t,, +273)" |+ f,h.(t, —t.)}

mrt cl''c

unuen  azle

t, =35.7—0.028(60 — 0) — 0.084{

3.96 x10° x1.054[(t,, +273)" — (26.08 + 273)"
+[1.054 x8.55  (t,, — 27.6)]

t,=3033 C
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ANIWIEN5IBIALIRAY Predict Mean Vote (PMV)

IMNFNT
U

PMV = (0.303e % 4 0.028) x
(M -W)-3.05x10"° -[5733-6.99(M —W) - p, |
—0.42[(M —W)—58.15]-1.7x10°M (5867 — p,) —0.0014M (34 —t,)
~3.96x10°° f,[(t, +273)" — (£, +273)* |- f h,(t, —t,)

LA

PMV = (0.303e%%%%¢% 4 0,028) x
(60— 0) —[3.05x10°-[5733 - (6.99x 60) — 2,097 ]
—[0.42x (60 —58.15)] —[1.7 x10™° x 60 x (5867 — 2,097)] - [0.0014 x 60(34 — 27.6)]
—[3.96x10°° x1.104x[(30.25+ 273)" — (26.08 + 273)" ]| ~[1.104x8.55(30.25 — 27.6)]

PMV =0.01

andasisuwdainalinala Predicted Percentage of Dissatisfied (PPD)

IMNFAI
U

PPD =100 — 95¢(0-03353 -PMV 410.2179 -PMV 2)

T

PMV =0.0645

PPD — 100 _ 95 7[(0.03353 ><—0.06454)+(0.217x70.06452)}
=100 - 95e

PPD =5.002 %

Thermal Sensation Index (TS)
INFAT TS =0.245t, +0.248p, —6.475
S.TS = (0.245x27.6) +(0.248x2.097) — 6.475
. Ts =0.6695
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Low Energy Air Conditioning Systems for Hot Humid
Climate

K. Kubaha, S. Kirdcharoen, and N. Ngamnirat
School of Energy, Environment and Materials, King Mongkut’s University of Technology
Thonburi, Bangkok, 10140, Thailand
Tel: (66)0-2470-8633, Fax: (66)0-2470-8635, Email: kuskana.kub@kmutt.ac.th

ABSTRACT: This research was to study a possibility of using a radiant cooling combined
with appropriate air ventilation to improve internal environment providing thermal comfort
conditions for residential buildings in hot and humid climate as Thailand. A cooling panel of
7.5 m? was installed as a ceiling of a chamber. The chamber of 3.0m width, 3.25m length and
2.7m height, was used representing as a room of the building. In the study, the temperature of
supplied water to the cooling panel was maintained using cooling tower. Also, desiccant
cooling was used to avoid a risk of water condensation which might be occurred on the panel
surface. For human thermal comfort analysis, eight subjects (male and female) were
employed to present thermal responses according to the ISO 7730 as well as an investigation
of the PMV and the PPD. The study found that the internal temperature of the chamber can
be obtained to 26.3°C and the relative humidity can be reduced up to 38%. The appropriate
conditions of the air temperature, the relative humidity and air movement were found in
which a perception of human thermal comfort can be performed in the study. Although, the
findings showed that the system was not applicable to provide thermal comfort as a whole
cooling period. But it will enhance the performance of existing air conditioning systems. It
will be one alternative to apply in such a non burden cooling load area of residential
buildings, i.e. bedroom. However, a further development to improve the capability of the
system needs to be considered in the future.

Keywords: dehumidification, energy saving, thermal comfort, radiant cooling, hot and humid
1.  INTRODUCTION

In hot and humid region, air-conditioning system (ACs) is mostly used to maintain
indoor air temperature in buildings providing thermal comfort conditions. In Thailand, it has
been introduced since fifty years ago. It accounts up to 60% of electricity consumption in
commercial buildings [6]. For residential buildings, about 70% of electrical energy is
consumed in the ACs [6]. The ACs seems synonymously of thermal comfort in Thai society.
Also an increasing of a large number of residential buildings gathers with installation of ACs.
The Thai government, recently, mounted a number of campaigns in order to promote energy
conservation to the whole country. One of the campaigns is to advise their people to set the
temperature in the households and in the workplaces at 25°C. The campaign is to promote the
energy saving activities as well as to understand the thermal comfort criteria. Nevertheless,
an understanding of the human thermal comfort of Thai people is not very well. In fact, the
human thermal comfort is not only depended on the air temperature but it is also influenced
to other environmental conditions and human factors. A number of surveys, recently, showed
people in hot-humid region perceived the thermal comfort in a wide range of air temperature,
for example from 20°C and up to 29°C [2], [3], [4], [5]. In residential buildings the



appropriate temperature of AC zone could be adapted up to 27.5°C. It was a recommendation
for energy saving and keeping thermal comfort perception [8].

Radiant cooling has been studied in European countries for alternative cooling purpose
since 1990. Its application also used to combine with ventilation to enhance thermal comfort
[9]. The radiant cooling combined with desiccant cooling has been studied in Japan [10], [11]
in order to reduce humidity. The system also has been studied to apply as a passive cooling in
Thailand [12].

The use of radiant cooling in hot and humid climate as Thailand is very challenging due
to the high of humidity level and the average air temperature is quite high along the whole
year. Figure 1 is presented dry-bulb temperature of the central region of Thailand. The air
temperature varies from 25°C to 35°C, which is over a daily range of about 10° C for every
day except those in the cooler period of November to January while relative humidity is high
during all hours except when the air temperature reaches its peak.

. . . . . . . . . : JHr
1} 730 1460 2180 2920 3640 4380 3110 a340 6570 7300 go3n ave0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Figure 1: Dry-bulb temperature of the central region of Thailand

This study aims to find out a possibility of using radiant cooling combined with
appropriate air movement to improve internal environment providing thermal comfort
conditions for residential buildings. Also, desiccant cooling was used to avoid a risk of water
condensation which might be occurred on the panel surface. Questionnaires were used to be
informed the subjects for their thermal sensation.

2. METHODOLOGY

2.1 Experimental room
The experimental chamber was set up at the ground floor of School of Energy

Environment and Materials in King Mongkut’s University of Technology Thonburi,
Bangkok. The chamber of 3.0m width, 3.25m length and 2.7m height, was used representing
as a room of the building. A 1.0cm diameter of copper coil bonded with aluminum plate was
used as cooling panel. The dimension of the panel was 2.5m width, 3.0m length and 2.7m
above the floor. On the top of the panel was insulated with 7.5cm thickness of fiber glass.
The room was located in the shaded area in order to avoid direct sunlight. A cooling tower
was set up to generate cold water (about 25-27°C) supplying to the panel.



For ventilation purpose, a square shape of air duct, 0.25 x 0.25m, was installed to
circulate air in the room as shown in Figure 2. A diffuser grill was used to vary air velocity in
the room. The vertical walls were constructed with plywood and glazing, see Figure 2.

Figure 2: The experimental room
2.2 Measurement set up

The temperature of each surface and air temperature were measured using type K
thermocouple. Two thermocouples were placed on the each wall and six were placed on the
cooling panels. In addition, one more thermocouple was hanged beneath the cooling panels at
distances of 1.7m from the floor in order to measure room temperature.

Air ventilation rate and relative humidity were measured using anemometer and
humidity sensor. The water flow rate to the cooling panels was measured by water flow rate
meter. All measured data were recorded every fifteen minutes using data logger.

2.3 Experimental conditions

In order to work out the cooling possibility of the panel and thermal comfort
perception, therefore, the study demonstrated into two states: 1) an evaluation of cooling
capability of the panel and 2) an assessment of human thermal comfort perception. A silica
gel was used as desiccant media. The silica gel of 0.75 kg was packed as one column. Three
desiccant cooling conditions, i.e., 1) one media column, 2) three media columns and 3) five
media columns were considered to find out the appropriate amount of the silica gel. Figure 3
show a packing of silica gel as a media column.



Figure 3: A media column containing of silica gel 0.75 kg

In addition, three levels of air movement: 1.0-1.1, 0.7-0.8, and 0.30-0.4 m/s around the
subject also included in order to find out appropriate ventilation rate for achieving thermal
comfort. For all experimental series, the temperature of inlet water supplying to the ceiling
panels was approximately maintained between 25 to 27°C and water flow rate was controlled
at 12.0 I/min.

2.4 Thermal comfort assessment

Eight subjects (male and female) were employed to present thermal responses
according to the 1SO 7730. The seven points psycho-physical ASHRAE scale, cold (-3), cool
(-2), slightly cool (-1), neutral (0), slightly warm (+1), warm (+2) and hot (+3), were used to
present thermal sensation of the subjects. Also, an evaluation of the predicted mean vote
(PMV) and predicted percentage of dissatisfaction (PPD) were carried on.

The PMV depends on environmental and personal parameters: dry bulb temperature,
relative humidity, mean radiant temperature, air velocity, clothing level and metabolic rate of
the subjects. It can be obtained as the following equation:

PMV = (0.303e %% +0.028)[(M —W) —
3.05x107% x (5733-6.99(M —W) — p,) —
0.42x (M =W) —58.15) —
1.7x10°M (5867 - p,) — 1)
0.0014M (34—t,) -
3.96x107° f_ x ((t, +273)* — (T, +273)") -
fohe (ty —t,)]

where
fo = clothing factor
he = convective heat transfer coefficient (W/m?K)
M = metabolic rate (W/m?)
Pa = partial vapour pressure (Pa)
to = surface temperature of clothing (°C)
ta = air temperature ("C)
Tmrt = mean radiant temperature (°C)
W = external work (W/m?).



The f is obtained using equation (2)

f, =1.05+0.6451 )

where clothing insulation (l¢) for sedentary persons assuming as 0.60 clo, metabolic rate (M)
was 60 W/m? and external work (W) was 0 W/m?, respectively [1]. The partial vapour
pressure (p,) is determined by equation (3)

. (18.965-(4030/(t,+235)))
=€

p ®3)

The convective heat transfer coefficient (hc) can be categorized into two cases: free
convection and forced convection. Equation (4) and (5) represent the free and forced
convection, respectively.

hc = 238(th _ta)o'25 (4)

h, =12.10Jv )
Where v is air velocity. And the clothing temperature (t) is determined by equation (6)

t, =35.7-0.028(M -W)—1,(3.96x107° f,, x

[(t, +273)* — (T, +273)*]+ (6)
fclhcl (tcl - ta))

mrt

and equation (7) is to calculate the mean radiant temperature (Tmr).

Tr:rt = Z I:p—iTi4 = F T;anel + I:p—waIIT\/\A/laII (7)

p—panel
Where Fppanet and Fp.wan Were the view factors between the person respect to the panel and
between the person to the rest of walls, respectively. T .., and T,,, were average temperature
of the panel and walls (K). The view factor of sedentary subject to the panel was 0.09 in
which calculated using numerical technique developed by Kubaha et al., [7].

Finally, the predicted percentage of dissatisfied (PPD) was obtained as a function of the
PMV (equation 8) which showed a number for people complain about the environment [1].

wall

PPD =100 — 95e—(0.03353PMV4+0.2179PMVZ) (8)

3. RESULTS AND DISCUSSION
3.1 Evaluation of temperature

The set of experiments reported here was conducted in September 2009.The weather in
this period was quite hot and a high ratio of humidity was observed. The external air
temperature was around 28 to 33 °C. The water temperature in which generated by cooling
tower was able to maintain not lower than 25°C.



The results of the panel capability, the lowest temperature of cooling panel (Tpanel) Was
obtained to 26.2 °C during night time while it was significantly high in the afternoon which
up to 29.1 °C. The room temperature (T;) could be achieved at 26.3 °C during the night
period. Figure 4 shows the occurred temperature of experimental number 1 to number 3 (day
1 to day 3).

34.0

Exp. 2

Exp. 1

32.0

30.0

Tpanel
28.0

—_—Twi

cessees TWO

260 °

Temperature (°C)

- = To

Ti
24.0

(a) Day 1 (b) Day 2

Time (hr) Time (hr)

Exp. 3

Tpanel
—_—Twi

sessess To

Temperature (°C)

= = To

Ti

22.0 (c) Day 3

4 6 8 10 12 14

Time (hr)
Figure 4: Temperatures occurring from the experimental number 1 to 3 (day 1 to day 3)

It can be noticed that only the cool water was applied to the cooling panel, obviously,
the panel was able to significantly decrease room temperature for all three days. It was
considerably lower than external temperature (T,), especially, during late evening until early
morning. Therefore, a further experiment considering the cooling panel combined with
desiccant cooling was carried on only during night time (6pm to 3am). Figure 5 shows a
decreasing of relative humidity after applying desiccant cooling.
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Figure 5: A decreasing of relative humidity when combined with desiccant cooling.

The level of internal room relative humidity (RH;) can be sharply reduced up to 53%,
50% and 38% within one hour when using one column, three columns and five columns of
silica gel, respectively, while the outside relative humidity (RH,) remained about 80%.
However, after one hour of the experiment, a rapidly increase of the relative humidity ratio
occurred and remained constant within twelve hours. Also, it can be seen that the temperature
of the treated air (T;) was significant greater than inlet air (Ts,). It was up to 3°C in some
cases of the experiment. Comparing the results of three columns with five columns of silica
gel, there were not considerably different. Therefore, only the three columns silica gel was
chosen for additional trial to investigate thermal comfort perception.

3.2 Thermal comfort perception

Three sets of experiments: Exp 1 (v,=1.0-1.1 m/s), Exp 2 (v,=0.7-0.8 m/s), and Exp 3
(va=0.3-0.4 m/s) were conducted combined with a using of three columns of silica gel. The
results of calculated mean radiant temperature, PMV and PPD are shown in Table 1. It can be
observed that the average mean radiant temperature is between 27.6 to 28.5 °C. From 6pm to
7:30pm, the PMV was slightly high (warm perception). Interestingly, from 8pm until the end
of the test, the PMV performed comfortably. And the dissatisfaction (PPD) was high only at
the beginning (one and half hours) of the experiment.

Table 1: Mean radiant temperatures, PMV and PPD

Time | Tmr (°C) PMV PPD (%) ACV

Expl Exp2 Exp3 |Expl Exp2 Exp3 |Expl Exp2 Exp3 | Expl Exp2 Exp3
18:00 [ 295 275 291 |23 0.7 1.2 200 6.1 205
18:30 | 294 28.9 28.8 1.8 0.6 1.0 353 19 14.8 1 1 1
19:00 | 29.2 29.6 29.8 14 0.4 0.9 278 14 11.0
19:30 | 28.7 288  29.0 11 0.3 0.7 16.6 3.6 6.0 1 1 1
20:00 | 293 285 292 |09 0.2 0.7 93 41 6.0
20:30 | 28.9 28.1 28.7 0.6 0.1 0.6 19 48 3.1 0 1 1
21:00 | 28.7 279 286 |04 0.1 0.6 14 438 1.8
21:330 | 286 277 291 |03 0.1 0.5 30 438 0.6 0 1 1
22:00 | 284 27.5 284 0.2 0.0 0.4 41 50 14
22:30 | 28.2 27.3 28.2 0.1 0.0 0.4 48 50 14 0 1 1
23:00 | 28.1 27.2 27.9 0.0 -0.1 04 50 49 14




23:30 | 28.1 272 2717 |-01 -0.1 0.4 49 49 2.3 1 1 1
0:00 280 270 274 |-01 -0.1 0.4 47 47 2.3
0:30 280 268 273 |-0.2 -0.2 0.3 44 44 3.6 0 -1 1
1:00 27.9 266 272 |-03 -0.2 0.3 34 44 3.6
1:30 27.9 266 270 |-03 -0.2 0.1 27 40 45 0 0 0
2:00 278 267 269 |-04 -0.3 0.1 11 34 4.8
2:30 2716 270 269 [-04 -0.3 0.0 11 34 5.0 -1 0 0

The actual votes (ACV) for thermal perception of eight peoples were showed in Table
1. The subjects wore jeans, T-short and shoes. The average clothing level was 0.55-0.6clo.
The subjects were seated in the middle of the room assuming metabolic rate was 60 W/mZ.
Interestingly, the subjects felt more comfortable when the air movement was slightly high
(1.0-1.1 m/s) and slightly warm in the very low air movement around the body.

4. CONCLUSION

The results of the experiment confirmed the idea of using radiant cooling to maintain
air temperature in the hot and humid climate. The mean radiant temperature of the room can
be decreased and can be obtained thermal comfort perception during night time. When
combined with the appropriate air movement, it showed that the subjects performed
comfortable sensation. Although, the findings showed that the system was not applicable to
provide thermal comfort as a whole cooling period. But it will enhance the performance of
existing air conditioning systems. It will be one alternative to apply in such a non burden
cooling load area of residential buildings, i.e. bedroom.

Even though, in the study was not investigated the energy consumption of the system.
But the system can be maintained with low energy consumption (containing of small water
circulation pump and small air ventilation fan) compared with conventional system.
However, a further study to develop for improving the capability of the system such as an
improvement the appropriate view factor of the panel, a using of night cooling to combine
with the system will need to be considered in the future.
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