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##4274191725 : MAJOR BUILDING TECHNOLOGY
KEY WORD: MASONRY CONSTRUCTIONS / HEAT TRANSFER / THERMAL MASS / TIME LAG / HEAT CAPACITY

UTAI SUJISAKULWONG : THERMAL PERFORMANCE OF MASONRY CONSTRUCTIONS FOR
HOT HUMID CLIMATE. THESIS ADVISOR : WORASAN BURANAKARN,Ph.D., THESIS
COADVISOR : PROF. SOONTORN BOONYATIKARN,Ph.D., 128 pp. ISBN 974-13-1262-8.

Most masonry walls in Thailand usually are medium mass. With its capability to accumulate heat as well as
in a certain amount of capacity. After several aspect of heat is accumulated in thermal mass and kept in certain
period. It will be transmitted into the building or sometimes out of the building depending on surrounding at that time
therefore ,the study of thermal behavior on each materials can importantly lead to the development of form and
suitability of masonry walls used in such a hot humid climate in Thailand. Consequently, in term of energy saving
aspect, we wonder whether the materials used nowadays are actually appropriate.

This reason is among to study thermal performance masonry wall in Thailand. The selected masonry
wall,some are widely used and some are newly established. For example, Brick 4 inch, Brick 8 inch, brick 8 inch with
airgap, lightweight concrete wall, EIFS. By comparing all these masonry wall indifferent conditions both with and
without air-conditioning system. We aim to study the factor effecting to the temperature of the wall. Which are the
direct influence of solar radiation and the different of solar absorption. As well, They are compared the 2 different
conditions and, this research will emphasize and the study of thermal mass, and time lag.

The result of the study shows that the solar radiation and solar absorption have influences towards the
temperature of the outside wall. The wall with its light color and unexposed to the sun will help reduced the heat
transmission thoughout the wall as well as lowered the cooling load. The EIFS wall, with its certain value of heat
resistance makes the influence of solar radiation and the color of the wall conveyed slightly effect to the temperature

of the inner surface wall which will be suitable for the building with air-conditioning.

From this research, we can conclude that the building without air-conditioning should provide certain amount of
mass in order to absorb and delay heat in a day time as well as radiate.in the night time. Therefore, the wall should
light color and the shading so that the solar radiation for air-conditioned building will be less influenced. While, the
inner wall should provide light thermal mass so as to reduce the cooling load. In addition,. the insulation should be
installed for the outside of the wall to impact the heat. This result can be effectively based for the architect to select

masonry wall appropriated to the surrounding.
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PEUWINAL AAUNTA MU 30.5 LIUAWAT Wasann dasdnsanniAnaluile liuluinndn
= 1 v [~3 ] dgj P23 1 = dl a v

pounas wimnnFeufazaunsacnuiellliMindneunis asandAiAngANTau

( Heat Capacity) wasndnaaunss lunanduny AsunIRfarlAMANTRANNNI0NLN

witenposFaulitinullidandldinesanidiauaaniausninndnldi(Heat Capacity)

LA Y 4 i Y
nYIdWlienAINTALT (38091 Time Lag Sﬁﬂumm?wuimamwﬂﬂﬂﬂjuu YUA

NMLN 30.5 WIUALNAT AZAINITDNLNIMTEIANIals 10 ﬁqimzﬁﬁﬁu'@gﬁﬁum LAY

6 dqluadM5U Face Brick, 8 dnluad1uiumaunantuinutin way 2092 ued v ldiiies

AnANTLUNAraNag (Lechner, N., 1991)

DAILY COOLING LOAD VARIATION

—— LIGET  BLDG as HEANWYY BLDG

150 — B

120 /’\\
[
o —
=2 90 + A I S A
g )/ \\ A

v L ™, [

— 6L /i( £ o T4
Q S T RN
S —
o /’ B - —=

ArA OO A
PERIOD OF THE DAY

gilnnin2- 4 uassnaufzauiiey Cooling Load NENWIANNNE8481ANTHIAANIHINLATHIR

anses (Lechner, N., 1991)
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AINNIMALLINININITENIMNAMNLEIL ( Cooling Load)¥ igeqaaada1n1suaaansniniii

o ! PRy o
ATANNINATVANTNHNIAANTURE

2.2 NSLUIUNITANLLNAINSBU( Heat Transfer Mechanisms)

(M.Santamouris and D. Asimakopoulos.1996 )

Tutn9a1naedy RonlienAnsBulguu)igean  1Hasanantnaanuasuns

al

\ = d' _ ‘o L y
LL@%U’]Q@QM@]OQ_,IL@EVL‘]JLu‘ﬂ\‘]@’mﬂ’]ﬁ‘W’] ( Convection) LaZNITILNTNA (Radiation)A3MNTaUN

o v &

gadusunisiaznszanaeanniesuluelataningy

CLITRIDE INSIDE

Solar
Radiation

Hadiatiar

Heat Translar
O B O Convechion
Convactin w100
A Anr
Moverner! Movemen:

UNIND2- ENTWLAAINTENLNAI TN T DU 1WA R TS

(Passive Cooling of Building: 1996)

aqugnmginag luniisiuazunnssiunvse dagaauatinguaniifaasiani

Q

Huniisunaang dulunaINaneAu NNTENemANNTaUATNALAY HesaIndanInANeLen

peuianlasulil gaunReainiansuaniuanas uazlidnansenusia Solar Radiation

Am3NNsanasTasgUUYRRIweL iU an n)iaInA AnaNTRIRN I vIaeian

D

8M3N1TANAVBIYIUNYH AUnTlaauatFUNI1IN( Air Convection)waz i iIAAN

a

a

¥a1(Heat Radiation)189i@nsaganinuandan  E9ANNEIaNNEUaNANINAENAAGIUUYH

E1)

[

v
Hodan lfunnwiniu
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2.3 ﬂ@ﬁ’ﬂﬁdmaﬁiﬂuaamiﬁ/ﬂq( Parameters Influencing Thermal Mass Effectiveness)

(M.Santamouris and D. Asimakopoulos.1996)

amnmdenud  nsldinaansisnzaaluenmedinauiuazissannszly
AP NEiulADa 20 Wafidus ( Brown, N. 1990) wazannnisnaaadnieldaninzaay
AN wud’mqmmmwfammmﬁmmmwdwnmﬁuu@xﬂmqﬁuﬁmmmmﬁ'ﬂe’ﬁ
‘ﬂﬁziﬂmﬁmnm@miﬁumaﬁﬁ%@gﬁﬂﬁzmm 10 24ANAATY TUNINALAUEIANINANYDY
goamnienIAtaInaiularna AR Auliny 2.5 esreaiu azliifnszlamian

NN TNIAENT

14 v
ARINTANLNANINTBUHINIANBIATUAZHANTENUAZIA ATUNINTRIIWIA L

I
o o =

g iufulsuazannuandansne] aNduiusueusiaviulstiuiudedAry i

v A o

TWinsudasner I ladselomigean faulsndAnydissil

(7

2.3.1 Material Thermal Mass Properties and Performances
nsnezanefategmu) i dan ey iuaneilade 1w 198
neNA AmANTATe9MTE n1sdnuRAdNFaufazuanseiuluinans

FunanapneteEaay  AuunantiRreiitasstednan wlunig

o |

Lﬁw?@f?’humumwﬁ’(@uﬁuﬁuﬂgﬂu ANANUUILUULETER (P ) AN

q

Y o

ANNqANERUTRNdAR ( c) ANTathANFauTesidn (A)iTantiuile

q q

I v
ANTAAINAN9AT MNIEAINIaRERaTuEA A TainALA KT el
. P AR ya o d v =
ANTUTY  AuAssRANANN ANAINe Nara1NnsaAnAL AN

saule

2.3.2 Thermal Mass Location and Distributions

1
| a

N3 191282873 1A ANENFANNADIUNANANAINIANAZAINTDAIEA

a

I 1 A [ % 1 P~ =
ATENUFA19a1AT lddauiy anunsantaaantalu 2 nam
1. Direct Heat Gain 185UaAnu5auaInaaiselagmnga

2. Indirect Heat Gain 1#5UANNFAUAINNITNUFALETIRAIM

1
A

Sauae4m0a

q
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F921NN19NAAa( Leachen, N. 1991) WuUINANEAILANINTITANeAINNEaw NI
v

HANANAUSA LR A9 uazAN  Hian1esuiiAuiiasufiadanisn1suiaeaIniau
(Time Lag) Weaanties esdiBuinannuFaunenuaiisimuilelidunn fanzdueentiu
oA o y A e & ) = = a
AINAzH Time Lag Uszannd 14 d9lue AvnuFaundinnfazgniiasaudenauiy n1eia
TFuasfiAnziunnaasiazil Time Lag dszanoe 8 dalunaflusdnaties lunsdnmnialse

a a ¥ o dld zl/ 4? 1o ¥ =& dl
ansnnlunisldnidsninnaansiy  avegiudssinmnisldanuaesannis  9ND9E090A0

n3lfau weaansniely uazanngiainialaesed

AMNN13ANEIB1ANT 3 Usznn A8 TNAGLILEY 81ATANTNIINIUIALAN WAZBIANT
Tivin Tuanwgieinimgae) iy Farnmly wnuwilouayldueseiEnn (Atlanta, Phoenix,
New York waz Minneapolis) m@@’mmiﬁﬂw’l(Ober, D. and D. Wortman. 1991)wwuq1n13 14
pfannagnsn s udsanssURe | a1medtineulFiduas i udiannndn ingaiy
19 TannsAnmenisenudn (Shaviv, E. 1988) nin19AILAN  Heat Transfer
Coefficient A1 U-Value 2890NHMNAY 0.682 W/sq.m.c WiqN ATREC L Ratpra 25
mfmwm(Thiokness)mmmﬁqmﬂﬁluﬁ'wammzﬂgjﬁ' 10 EIuRmAT WfanNauenTILN AN
5u@gj‘ﬁ' 15 wuRmns naannsAnEnluase awn9nagllaan nsld wnaansrentisly

ANANTIUATNNTOULNAAN TN 1A 2 Nath

1. A71AINNEAEIRIALAN AdTHNIaa17Ae lulinnnin
dld Y [~ 1 1 o o
2. 81ANINNNIT FI9N1LTIREa99a [t 81A1TAN1ING1
FaNANIauUN18luNAA( Internal Heat Gain) A2sHNaa81708

lu(Internal Mass) lxnnauinull

UNUINAaNThermal Mass zﬁﬂﬂwgﬁmmﬁLLUULaJaLM’aL?Lﬁﬂu ( Argiriou, A.1992 )
=S =X o A
mﬂmmgmmumma? 2 ANty AR
1.7 Monozone Building

2. Two-zone Building

anuiounnsneiy 13 ailn Tnedginseiansidnsusineaiy  Tadd
Conductivity @gise1d1e 0.19-1.63 W/sq.m.k. A1AINAAINFRL( Heat Capacity) o
FYNIN 796-1017 J/kg.c.AIAINMUILUUIBITARBETENIN 600-2300 Kg/m3 uallliiaan

NIAINIIN



COOLING LOAD [kWh/sq.m.]

COOLNG LOAD [kWh/sq.m.]
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20 IN 0.6X1.2 0.6X1.2
16 f; ZONE 1 5m
12F 15m
2.2X0.9 ZONE 2
°f 0.6X1.2
2.2X0.9
ok
0 E : s } 0.6X1.2 |
o] 200 400 600 800 1000
THERMAL MASS [kJ/K.sq.m.] 15m
gﬂﬂ’]‘WﬁZ— 6NINLLEANCooling Load 11 Two-zone Building
(Passive Cooling of Building: 1996)
N
e
1 B
5m
15x15

200 400 600 800 1000

THERMAL MASBE [kJ/K.sq.m.]

gﬂm‘wﬁz 7ANWLAAICooling Load 14 mono-zone Building

(Passive Cooling of Building: 1996)
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2.4 NISANLLNANNS AU

ANSAULATYUUD

AMFaULAzgUuM N TaeialUR A NuNNEs1eAN AvnFaudundsuaesluana
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' a

P @ | o o4 A |
NANBAUNTBIRAANT LLﬁl‘ﬂqm‘V]QNL‘]J“LJ,‘MLLQEIﬂ??‘)ﬂl@N’]Mﬂ’]ﬁ‘Lﬂ@@uﬂﬂl‘NLLW@SINL@Q@I@E?QN

109a819N ] Agunifunisdnlinnamdsnuaninieunegluaansiues nawIu

AMFaUIRNAANTTRTanafna sz iianane TuaaeulwavTadls (Vibration)

ArAutiaIAdNyYsnl (Absolute zero) LuANguu)RN AN avesagINTHAER

a U

4 !

waaulug Tungmuuni —459.69 asansulaui, -273.15 aeAmaiisa uaz 0 a9ALAA
a oo ~ py o o 6 v e = ! o = o
u BeluanadinisnasulmiiaaziinliaanslgungRgean Annededl 2 wuy wuuwsnls
1 %3 aa 1 a o‘d‘a o 1 ul/ dl
uwinnsdagungidmbeiussrmadeawazasrneulawindontiuagiall - wufiaes
TounAnsdanasanumanudauinaedly British Thermal Unit (Btu) 47auAsaas (Calorie)

i 1 v
Btu AadnuauilEnniaFeun I lunisiingnmnd 1 asmmsulawiaesin 1 deus
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o M o PR ! Y P
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LﬂﬂﬂuLLﬂ@QQENMQNLL@QﬂQZVLNNﬂW?ﬂ’WﬂL‘Wﬂ':l’]ll?‘ﬂu ﬂq?ﬂqﬁlLV]ﬂqqﬂJ?@uN@ﬂ“ 3 ‘l.]?:ﬁLﬂ‘V]llﬁLm

AN9UNANEAL NNTNIAIHFRL LAZNNTLHIIAAN NG AL

2.4.1 nM5UIANNSaU (Conduction)

'
= 1 o

NM3UIANTBUNIARINNITARBUNTBINATINUTE U e TuLAN AT B RAfY

1 ¥ a a dlv I A A dl 1 ]
nsthemannfauaziinanisuniaundwsadinisinaaulnesluanauinndn  lilg
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Usnnfiundt  visednisedeuluwaediuanadinin  nistnawmmnuFeuaziialuynia

Idg{ [ % 1 o = o % A 24 é{ 1 o

9 uazarlituediuusstifidasneslan danazinnsiannufeunnniretiastueg iulas
afaesliuana dannianunuutuiinazinaniarlanan Janlave Wy agiitlan
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[~ o O % -dlddl £ 1 = a a 2
RN - NBILAN Lﬂulﬂ’]u']ﬁ’]’]ﬂﬁ‘@u%ﬂﬂ@ﬁ ?@Q@QNWi@LLﬂﬂ@Uﬂ?MLL@Z@g ’J'&ﬂﬁ??ﬂﬂ’]ﬁlmuill
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gﬂmwﬁZ— 8 Heat transfer by conduction.( Moore, Fuller,1993)

A ey a ] | o © v dl |dl o b4 | o
anAvTeiTaEaFng ) avifluitiianieunuengn Mnlveniaduanauiu

% dld 1 =3 1 o % 1 1 o dl 1 = o o
avnFeunia atalsinaupnaiipanusenliannaniullien o luiluenaGaesion
agegryynald  Anuaasnlunisunarnfeusrauagiuiladauaratnsliun Aoy

[ % I I

¥ 1
aNiRL0938n ANANUANGANNTRIYIUUYNITUINEITER ANMTAR Nundndalaemss

q

AUANNFAL LazTAINANE AT 1w A7Re1eIiUN1TuN A NEa U LA LA

AnilszAnanisrnaangau (Conductivity: k) wag W/m.CK v9e Btu.in/(ft® .h.°F)

%

AAAINITDNEIN AN FAUIALINIUIAIINFAUNIUAZNT TANNULY  TNAT NUA WAZAN

'
a K

ANUANFANE MUY ININ 7 ArdudszananisiiaganFeuldlunisinAinisinanfeutes

a

A 1 oo

Fan 1y peunTANAIANLsEANENITIAINTRUWANY 12.0 Btu.in/(ft® .h.°F snneimanuen
2
ABUNTATIIA 1 ANTINA WU 1 19 HAIAINUANG NG NUBIADIAUARLNTAWINAL

1.0 Btu 9 aziinnsnamanuFen 12.0 Btu inuludan T 1 dalus

AMNEIAINSAY (Conductance: C) vidag W/m’.°K ¥34a Btu /(ft’ .h.°F) AaA1nng
dnemanuteulnanisimnaeusnuaan s A EMLNR vuaTligaaeen 1 iiae Tnedl
ANAFANLANAINTENGUUNN 1 T9e AirdAL AL AR AiszAnanstin
A AULATLNEIe9NNI3PAL S UARNE ITU ARUNIAVLA 3 LaRANALNAN Sy
wWindu 4.0 Btu /(" .h.°F) (%ﬂﬂ’]@’]ﬂﬁ’]ﬁmﬂ?taﬂéﬂ’]?ﬂ’]ﬂfJﬁN%"ﬂuM’]ﬁ‘ﬁQﬂﬂfJ’mwu’] 3 5@)
MHNEANNIN AU 3 T MR 1 F13199e WA MuRNENTasg Nty

wazneuan 1.0 Btu azilinistinaaniau 4 Biu inudanlu 1 49l
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C = k / AINUUIIAR

m’mﬁ’mmumm%‘au (Resistance: R, R-value) #11iqg m”.°K/W 99 (f .h.°F) /Btu An
AUNAUUBIANANININANNFRY AN RaN NN rue AR uA NS auN e luanANT AN R-

A X = PRp
value V]Nqﬂ‘ﬂuﬁl\?LLmﬁ\?ﬂQﬂ']ﬂ']f]NLﬂu'ﬂuqumﬂuqﬂ

a

ANUSEANENNTONLLNANNSAY (Thermal transmittance: U) yudael W/m’.CK 178

1
=

Btu /(f® .h.°F) Aewaaednisdndinaniasfaunansmenudinnluananslugaanan

= X A & g o .
e uarunui udounauaesen R

1D.R

1T(R+R+ R+ ... +R))

C
]

(K%

2.4.2. MIURSIRANNTDU

|
1o al Il

ANTuHFAANFauTuAYss A NSaulatARULIMAN AN e lNaNATDY

q
|

agniiannanaauluaas ﬂ’?ﬁlW@N’]Hﬂ@uﬂﬂﬂN’]sLuiﬂm@\Tﬂ@uLLNLﬂﬁﬂiﬂ/\lﬁﬂ NTUHSI AN

savAailunaudnfunalivdniniiatavis eﬁ\mzmaﬂuwmnffmmm@umﬂmj Fagidiunan

q

WiRERALNIHIANNERY WANITUHTIAAINTaUAINNTDAIAY N Ta U UG Ty EUINIA LA
mﬁ‘m@@umm@miﬁmmiuL@q@wuﬁwﬂmmi%ﬁﬂiuLﬁmm@ul,mmz'”iﬂmﬁﬂﬁ
AR UEIUAANANAEITILAYHITUEN nisndaunvesiuanaazdauie

dl | dl o al % dl 1% d‘ dl 1 <3 A
wasuulasliiluaauis@mnuden nalanaufauindouniuaesuds aana vizegey

o ¥

mqmﬂiﬂ@um”muwumm ansu. azavanndauansiaulus iy 7 uazvinli

‘EuL@Qm?'mimﬁfaﬂmmﬁmmmmﬁzgﬁu LAZANEIANINFDUAANNY NNIURTIAANTaY

zﬂl Q; [~ 13 a |é{ o 4 !
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st cooler
emitring bsorbi;
s wavelength _?gf/% . 6’;’7.?

\“ :
\ . ; :_!5.»:-
2 iy,
. .." .
TR
S A

vibration of
molecules
sels up waves

gﬂm‘wﬁZ— 9 Radiant energy-transfer between two surface molecules.
( Moore, Fuller,1993)

ANNENIAAY

]
a [ %

a d’l v ¥ a o ¥ 1
@‘MVQQJINL@Q@ﬂ]ﬂ\iwum’lf}ﬂ@@’]ﬂq?ﬂiﬁ mmmumm% Wl uwe'n

Q

| %
A

dl = d‘ 4 A a I a
AINENIAAU (Wave length) ¥rBAINAGY (Frequency) I Tuianatasivutowsiazaiinay

1o & 14

Anaeaaulun  vizan12duNuANFAITY  LazlifAANFauaanuluANEINA  NNg

I o

A&I o v a dl dl 1o al -dl nﬁl -dl [~ Adl Ay -dl
Lﬂ@ﬂu1ﬁ’)ﬂ\‘iﬂ@’]’)@iﬁ’]’]l‘ﬂLﬂﬁﬂ’]quﬂﬂlﬂ\?ﬂ@uﬂ’)ﬂmﬁ\‘lﬂ IllL@Q@VILW@@MWL?QVIQ@M?@?@MW
4 oy | S a & 4 %
ANATANLANUITNAAL 7] 2NN 11U pAUTNAAINANA At azITuA A LAY (ﬂ@:mm 0.4-4.0
. . -6 S A4 Ay o o A =< =
micron, 1 micron = 10" LUA9) LL@&IML@Q@WL@@@HVIT] ] AZANETIAANULINVITIN

ANHNLNIAAL 8-50 micron

v
%

IHANAIIUNNIUE TR AINFDUNTENLNLAY NuRaara N TgadU

o

(Absorbtion:l) = ANNFEN | uazilazuilundsnuainfaugsasinlidadanduan  uas

o = v

anunsnazfiauanien (Reflection:B) tiunauldls drdagiananiifnaanuFouaiunsn

q

[ %

duldld AnsFauaznzquau (Transmission:T)dudaneenll  Anisgaduaciniean nng
azviauANiay waznsnygriuaesanfauiuliivig uaziA1egsyindng 0.0-1.0 A

VR9ATUANLIR 3 HIUTINAUALYINAL 1
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a+B+t = 1

o = ANITARTUANSDULDITAR)

=
I

ANITALNAUANTAUARIIAR

T =

ANNSNERENUTBIANNTAULDITAG

. heal fo
reflection exterior

heat fo
inferior

fransmission

gﬂmWﬁZ- 10 Absorbtion, reflection, and transmission of radiation striking a

semitransparent material.( Moore, Fuller,1993)

N19ANEANNSRYN (Emissivity: E)

ANnzattaaRFeuLumaanIdaAINa NN InTRsRdARTIAT A8 SR AN E Y

1
ada o !

aanun luguuganimue AnisaneauFauganmdnlaiiy 0.0 lunsiindanliinng

[ % o

AremrNien - laune s 1.0, dndlunisaeasinfeungsnaameulinuianiiaes Black

q

body ~Tuemuuisina ] AT AINNIANEANTEURTYINA AN AdUANNTEY
(Kirchhoff's law)
€ = Ol ( Black body )
a = AINNSAATLAINSBUARIIAR

€ =  ANSAILANNSDUIRIIER



19

Fapnialdduisaliiflulane (Non metallic) ariaauainnsaaiannuFaulsnin

k7 = a

' = o Y ala =~ ¥ = A
NN ’&QI@‘M% @Q@Lmﬂqzmﬂq?@ﬂsﬁﬂ ﬂ']"]ll?fﬂu‘w@LL@%N@‘mMﬂNQQiﬂ@ﬂqQ?QﬂL?')Iuﬂmgf‘]/]

a

1%

TanRoauarariinuannieulinuaslgumn)iaing, ansssnafaziuaNFaulily

o

ndl aAaa [~ 1% = aa ° PR3
AN @QVINN’JNH@%LLNLHUWJ’]N'J‘QH LL@%N@MMQNNQWW@QI@L?Q

2.4.3 PMSWIANNSBY (Convection)

nsnANFeuRenistamAINfeulnanfARe N TeTed A UAINATY

H ~ o Yy = @ 49( a
amauazin  Wesarsgninlifeuluianaasinaenlvaiauuazuannszanaeentyluiia
n95ng ) e iiAANsenefaredsansiu o tngeesudsarinisiviFunmslu aeaman

LAYANIAZH AN NNLN LUUAN A LAZARE FINL

heat out

gtnnii2- 11 nauansn1TnIAIIRFanangs A lilfsan B (Moore, Fuller, 1993)

I v v % 14 [~3 = dl dldla )
aingUnstneimAIRTanansuiau A luawdy B inswpaaunviiaainnis
ANHFRUUATNNTWNAANFRUANANEBENAUNINIENLNAA A AnKFauilaztnamlld
anAsaznANFauiueAlliige B AnuuansnmesnIsinauFauLaynIswn
¥ . 4 . y -
AYNFEUABAYINLANFNITBINITIAReUNTRdINEANa N1stANFautiulianaas A
o 1 ] dl ¥ o dl o v ! ¥
pumisusaziaaeuinanasuaniuananialldsluanalndifes  daunisnianuien

nauuazgnanamllineluanaazinldficsoies
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2 4 4pdNUszangnisanamanngau (U)

s
o 1 o

AduszANBNstemaNFan JAwinfu 1 /2R fuaanflu W/ (m*°C) Taein

2R wnefaAnanusuniuanuieususesianuisiviaendu (m*°c) / w

ferundaguileiAdntlsy@nsnisaiamanuFeusnniuunaielA1 A Nsu

%

MuANFaumINTeiagNiiatian AvNFauasaunsnaadinigneluanansliuinngd

Q

< v

NITONLNANNT

L%

o -dld I o a 3 1 1o a £ 1 1% ¥
Q@QNH\?VINW’]@N?J?K'&VI aulaaNI ANduLsL@naniannamalnFauay

a

Tun1sauauBunuANFauNdN1TaanAINeN AN TEWLEIAINANNLANFTBIY U

anANEuaNiuNgly - AR NLANFNg IR HaINTATEYd N TuwazNNEuen  Ax

aungouanaantaiiu 2 naol fail

1. TunstinenANwANANgR M RIzd eneuenuaz e luaen  visaNansng
anasAlsznauaauenlisuussannin azldannislunisaunifiunninig

fNeNAINTaL AT (ASHARE, 1989)

Q = UA(t,- t)

PUNEDN UFNanun1agnANN e Huitnendu W

NN AdNsEdnanisatamanFay Awdaendu w/ (m*°C)

a AVLQ}V

= X A o —— 2
UHIUDST NUNHIN LATLAITNNTRL N‘VI‘H’JEILﬂu m

> C O

a =

WNEDN gauunReInIAnIEuan Jnuaily °C

a

~
)

a

2 = ! 0
l‘, 7NN @qmmmmmﬂmﬂu wmmﬂu C

k1l

2. lumeduiRase avnuanseresgungiannAszrdanteuenuaznieluls
LIRS @:L‘]Ja"ﬂuuﬂ@ﬂﬂmmquimmﬁﬁLﬂ?}lﬂuuﬂmiﬂm@mLfam Pt
Lm‘f':m@ﬁmqmﬂ?mmmimﬂmmm%’@u aglfAn CLTD (Cooling Load
Temperature Difference) WnuAn (¢, - t) RINNM9ANET (ASHARE, 1989) Wil
41 A1 CLTD dawtasunann (¢, — t) TaaAnilals@ninaniauanianaeds
dszney |y a1 34 hew azfign WIAA1IRINIR ANTNLATAYNEEY

INANTI haTdaNINLIAAaN LTI1FY



21
Q = U*A*(CLTD)

Q NN BuunsanemanNFeu Audoendu w

U un1ene aduilss@nanisanemanindan duaendlu w/ (m”°C)

¥ 1 1
A aa A

=S Yo % = 1 | 2
A TNEN WHVINQVIVL@?UV’W”IN?QH Andaenilu m

CLTD #sngfld AnAnnuuansinaesganninisuanuaznialy

H &
<

AnfutlszmalnanizarurnilFuaunnaanamauFaunAntlaeAduls=@nanig
AnemANEEL NIAdNT LL@xmﬁuﬂa‘zaw%m?@mnﬁu?ﬁmﬁmﬁ AN TD,, (Equivalent

Temperature Difference) TWn13ANMIULNYUAT CLTD  fauandlumisned 3 Tagasldas
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MEAN RADIANT TEMPERATURE (MRT)

4

grun)HaenuiadIndansaufad A NduRusiug e taafilade
] dJ dl =X o e 1er % QI 4
daunilantsznavauiiuaninzinaungresnywdAan 1sur N EAINTaUAINRILIAA DN

WA NNTARAINITUESIAAINNTAUANAILIARANINANT NITAAAINITLETIRANNNTLUDY

AI % d”a | 1 dl 1 &l 1 ] %
AunraNUAALTUATRAY (Mean) 28NIFUNTNARNNLUAIFAN ] Tuaninzianaay

glﬂ%‘miﬁ'mfam Mean Radiant Temperature (MRT)

MRT = >;TO/360
= (1,0, +7,0,+T.0,) /360
T = 20N NEA U3940 (Surface temperature)
6 = NHALATUALNURRTaR Bl 9aTiNn1gn

(Surface exposure angle relative to occupant in degrees)

(Fuien Naganla, 2539: 14-15)

150mm da
7 blackened
copper globe

gﬂm‘wﬁz 14 Explanation of glove temperature (GT)

i

(Baker, 1987 cited in Bansal, Gerd and Grenot, 1994)



24

Sol-air temperature

'
a a aa o o

Sol — air temperature A fUNNANNALBIBINANARATLRITBIAR IWEN [T
ANTWARINUAILAA  LAZNITUEETIRANNAUNARANNNEUAN WA WIFATINN9DNEINAINSaL
WMELWNALNNTUN S AA39T89A2987 AT aNnnTsuanilasuANFauTuiasin, Aanndan

LAZNIINIANTRULBIANA

Sol — air temperature is the temperature of the outdoor air that, in the absence of
all radiation changes, gives the same rate of heat entry into the surface as would the
combination of incident solar radiation, radiant energy exchange with the sky and other
outdoor surroundings, and convective heat exchange with the outdoor air.

(ASHRAE , 1997)

N1TANUINLAN Sol — air temperature g1x13097 b lae I a@snassalLi

Sol — air temperature (T,) = Tt /h, -€ AR /h,
T, = Sol —air temperature
Tou = 2R4UNHBINIANEUEN (Outdoor Air temperature) °F

| = 1BunusadnnnFauinnnseny Biu/(h.it)

(Total solar radiation incident on surface)

[ %

o = Anrlsz@nsnisganauaNFauTasiindan

(Absorbtance of surface for solar radiation)

h 3 FulsyAna adneiAL FeuTe A A AuENILAZ N3N
mm’f@uﬁaqmﬂu@ﬂ%@ (Btu/h. ft*.°F)
(Coefficient of heat transfer by long-wave radiation and
convection at outer surface)

AR = ANANHLANANIT T TSR UAN I AeuAY
%@ummaﬁm@ﬁum%mm&’@mLLmﬁmWﬁ(Btu/ h. ft°.)
(Difference between long-wave radiation incident on

surface from sky and surroundings and radiation emitted

by blackbody at outdoor air temperature)
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- v
e = AuilsrAnaniangzanaANFanaanaInNuig

(Hemispherical Emittance of surface)

&L a o
W‘HN’HI@Q’J'NQ

NURILUIIL (Horizontal Surface) az5LNN7uEEIAARUEN2A N RN WINTTL A7 A
R Aivinnzanma 20 Btu/ h. A lidn € = 1 uaz h, = 3.0 Btu/h. f°°F A1 € A R /h, Tu

AU asaNnIsazvingy -7 °F

1o

AuNUELUIAY  (Vertical surface) AZ3Ln1suHNARAUL19ANNUALLAT A

] 1
= |

danlngsauvindulasuannyiaarn asldaiuisanivuesn AR Auduauls wazidaiunn

ISP a

A HdinaesfIAanaweadaety WuravesianiagiialldsulungiasliAgendngnmni

BINNANIEUBNLAND AR RN NN TUATNARANE 190NN AN TUAAINIDT A

q

A

T UANNNINT LA AIINT AN AN NRAIAY InTzaziiulunisatunilnfasAnAl A

R AM5UNUR WAL O Biu/ h. it wasin lFdauyingaa9a8n19winiu 0

CHRNL T

&
[ o a a

AdNlszAnBnnIgAnaNIIAaINA9aINeST (Absorbtivity) ANdN1lsyAnsnisnszany

[ v

SAANFRaU (Emissivity) WAZERTIE31 9211919 mﬁmﬂ?zﬁm%ﬂ%‘@mﬂﬁu?ﬁ@mmqmﬁmﬂ'

ap

ANdNsr@Nan1sNszansfaRmNEe ([ €)

a o

dl o al a c . . a 2 o al
HATNAANAIYVIAE (Shortwave Radiation) ANNIENUYNHNIAL ACNANITACNAUING

q

posanfindlugiaespdudy | (Reflect)  v3a  Aanauiidnsenfindlugilaasadueng

o o !

(Longwave Radiation) @INITARNAUGIATRHATAANNAITARINI T UERT AUz

1
o o aa

Psn0u5sangnganan waziFanns Sanannszny luglaesannig fvstalilil

L1l

¥@NgneANAY (absorbed radiation)

Q
I
<o

o

JANMNNTZNU (incident radiation)
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