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## 4474184525 : MAJOR ARCHITECT

KEY WORD : 974/ 173/253/8
PROMSIT SROYRAYA : A STUDY TO DEVELOP A PROTOTYPE OF TROPICAL RQOF
SYSTEM TO REDUCE HEAT GAIN : ASST, PROF. VORASUN BURANAKARN, Ph.D. 131 PP,
ISBN : 974-173-253-8

Heat is an important factor that affects the resident in tropical climates. The roof is a part
of the building that obtains the maximum heat and that causes the increase in the air-conditioning.
The obiective of this research is 10 analyze and search for the model roof that can be developed to
stop heat gain in the tropical climates by studying the variables that effect heat gain and apply it for
the modet roof creation. To control the variables a experimental building was created which is 4.40 m
wide, 7.90m long and 2.85 m high. The wall wers made of polystyrene insulation and 4 of the hauses
are equipped with the roofs model which are 0.80 m wide and 0.80 m long. This experiment is

carried out in an air-conditioned place. Tha data was recorded in every 15 minutes for 48 hours.

The research has been divided into 2 parts. The first part deals with the variables and
then compares the result of the heat transfer into the roof with different angles: 15 degrees, 30
degrees, 45 degrees and 60 degrees. The results of this experiment showed that during the daytime,
the least heat gain into building was the roof with 80 degrees at 19.15 Btu/hr. The second part was fo
compare the effectiveness of the roof system in term of reducing the heat gain. The experiment was
divided into 3 sets. The first set was comparing the different roof system and found that heat enters
the roof insulated horizontally the least which account at 28.92 Btu/hr if comparing with metal sheet
roof without instaliation. The second set was comparing the heat loss and heat gain in the roof system
by color indicators which are white, green, and black. The roof with black shest material has the
highest heat gain. The third set was a comparison between the roof insulated with 3-inch-thick

insulation and 8-inch-thick and found that 6-inch-thick insulation had the least heat transfer.

it can be concluded that the heat from the sun is the strongest factor that effects the heat
transferring into the building. Generally the roof at 60 degrees is betier at preventing heat gain when
compared with the 15 degree roof. The heat transferring under the cavity of the black roof can reduce
the heat loss at 8 18.38% rate and in use together with B-inch-thick horizontai insulation would be

able to reduce the heat gain 20.28% compared to the metal sheet roof without Insulation.

Depariment Architecture Student's signature

Field of study Architecture Agvisar's signature

Academic year 2002
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AW 2.1 Solar radiation on earth ¢
Uty Sun-Earth Interaction. [Online]. (n.d.). Available:

http://aurora.crest.org/basics/solar/earth/2.htm
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Radiation type Wavelength Percentage of Energy
UV-radiation 0.20 - 0.38 im 7%
Visible radiation 0.38-0.78 pm | .47%
Heat radiation 0.78 -3.00 Wm 46%

A1319 2.1 A nnundsnusing 9 anmsudfidrasassaniindieinudunds

X =y,
nuialan

=£h.
e
-

Amsterdam:

The Netherlands

Hauser, Gerd and Minke, Germot. 1994. Passive Building Design.
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AR 2.2 The solar spectrum in space and on earth's surface

u Sun-Earth Interaction. [Online]. (n.d.). Available:

http://aurora.crest.org/basics/solar/earth/2.htm
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2.1.1 Incident Solar Angle
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. o s X - ol o s k-t
w1 Incidence Solar Angle §wfuiuialan ansrsnAtuandlideannisdall

cosB = (cosPBrcosy *SINZ)+[SIN P +Ccos2

o i | ‘ X omoa
T COSO  #n Incidence Angle annseny o Wuflals o

AX -u, L .
B YuENWuIRIANaNAE (Solar Altitude)
A=J ar o t an ar :// s
Y yudnaInAumilinseing luiuszunuAULWRINTa IR
J < -
= YUENTRIRRET (Tilt Angle)

|

f} = altitude
¥ = solar-surface admuth
0. = horizontal incidence

0., = verticat incidence

- Equator

mﬂﬁ 2.4 Solar radiation on a surface
o} )
NuN Sun Angle Basics. [Online]. (n.d.). Available:

http://aurora.crest.org/basics/solar/angle/4.him
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2.1.2 Solar Time

WasanasuiFalunisiaanalanasiddoundeclunaaniell Aavi1l% Apparent
. ; o Cm e ' . od e
Solar Time %agnmwm‘iﬁﬂummwmmﬂaﬂuuﬁmlﬁmn Mean Time Sufisunuias)
: da e d d o Xa e
nRn v as A mafeuwtasiiif andr Equation of Time ANUMEETEIAY
aWmduufasinargnimuelag Local Solar Time w1 l¥annnsiy Equation of Time

unuaniu Local Civil Time

Inefiesinslunnailae Apparent Solar Time tilu Local Standard Time

(ASHRAE, 1989) anunsaatuanslfaeil

AST = LST-ET~4(LON-LSM)

sy ET Equation of Time (minutes of time)

LST Local Standard Time
LON Longitude of site (° of arc)
LSM  Local Standard Time Meridian (° of arc)

4 minutes of time require for 1.0° rotation of earth
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ANWOLT AITE
2.2.1 Conduction
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nstinAcnieY Aanisdainundanuanufeuandaguiisiigandnguienagin
[ ) ar ’ ' an &’ 1 A‘ [ v -
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[ 9 - 'o ] e 73 -l -f [ 4 AOJ aJ iy -‘ [ %
szaugnuuniie 1ndn sundvinginAeearlissAugng inAMuT a2 usa(Stable) uda

]
=5 3

1 2 ) o 4 - -J ) ; 1
Feazvganizdainuaoaieu Samsneanudingidssiugngingeasdariiuany

7 [}
@7

fauldddngnegRatuiissiugungia ndnane annsaauanlddsinig

(ASHRAE, 1989) A9

Q = C*A*AT
Wl Q U7 wasfeuiidnaidtganans(Btu / h)
. o o ' Y oo o
C Ardutlss@nEmstnewmannuiaunuiofan (Btu / h.it)
X dd {9 B
A AumfaaFaudnemneuiang (ff)
AT ArpansuANansEnd g indawsuiugaavgfinnely
R
Q = U*A*AT .
Q = U*A*CLTD 5
el Q UF inaanufaunidaenidrgaians (Btu / h)
U Andutlsr@nanistnaimacnufaurasian (Biu/ h.ft)
Ez {al ) 3 b
A HunTiansfaudnaminuiag ()

AT AIANLANAIEnINg e eniunely (°F)

CLTD ﬂf'mmuu,mnm‘qamszm?ﬁdmw;ﬁuxﬁﬂuwh (Cooling Load

Temperature Difference (°F))

H ’ Ay e o - 4 . d d e
aumsi 1 AT Wlunsiinliifi@vi naannanserfindidnninaadasismi e
usnsinszninsgamgiinneusnuasnnaluilAtasdl (Steady State Condition)

| .

§ H - - i o an X
aunne¥ 2 CLTD M lunsiiniant nazasussusaidrsnineaadas ¥l CLTD atw
3 - o« ) l. ‘J -y 1 []
szaMLanstsgnuninmeueniunialiliang luaanuiluaF w1 CLTD sing
af & -J 3 . - d‘ a - [ & 1 %
ain AT wsneiinadfunfeudgoungil iiasaiengnineanwansasdlsynaudn

Whauiu 1y % 1987 1A DY FNTNATAWAIAR BN ENATRININATTHIY NIFAELY
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ArufauaInfianfguan nMsnilanan uazannuasden mentlunislfndfeuan sy
ar = z t i 4 - .
IndiRaatuarnuiluaf annauarliirdanuunnseszndngungiiniauanuarnie
o o o o . ' - -2 A
T (AT) WS Sesanndriilazuansineanananiiuaf wnn fsliavegivasilszney
-« P ol . ] v v 1%
naneilsynisusvasdlsznanaw) ninasianisiiamanuiauiageans lnaafuiy

aun19Aal (ASHRAE, 1989)

Sol-air Temperature (T g, )= T, + (i*o/h)- (€AR/h)

lae#l Tg,,  Sol-air Temperature (°F)

T, gamailaniAnieuen (°F)

I AnnsudfaRarnakanannaaenindinnnsyny (BTU / SF.hr)

o z%”uﬂsx@mémi*tgmiumﬁu%’@u‘nmﬁfﬁmj

h, fulssAvAnsinemasafaurediiasna Long Wave
Radiation waz Convection {BTU 7/ SF.hr)

€ FulsrAnd nmensvanaaanueuasnainiia (Hemispherical

Emittance of Surface)

AR faminsuanildeusanseusasivtagivaninuandesuaziia

#1 (BTU / SF.hr)

Sol-air Temperature is the outdoor air that, in the absence of ali radiation
change, give the same rate of hest entry into the surface as would the combination
of incident solar radiation, radient energy exchange with the sky and other outdoor

surroundings, and convective exchange with the outdoor air. (ASHRAE, 1989)

. Ld © o T -;A [}
Sol-air Temperature lumf«z'mmmwﬂmﬂﬁa QNMQNﬁ?ZN’mﬁi@G’ﬂ’}ﬂ’\ﬂﬂMﬂﬂ%

5
o om -

fufadagnauiliidnEnennuatinatarnisuanilaaufigd fasvinlifanasdiem

v v | 3 a-; ad ] [ n;ala - o =i a & o
anuiaudngenmsludaniifisuwiniuansiilignanaannidaasaiindgad e aanns
sanilaauamufauiuediy antnuasdauseudranazainnisuanuiatuanuia

AuainiAnauan (ASHRAE, 1989)
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2.2.2 Convection

» s ¥ oa o o
nnswiANiey Aenisderinundsnuanufeuseninedngiiduresuds uavfing

- PP - o e e ' v o v
w3 aa1na Rimsedeulwiagiaiy fudunisdeituanufeulaansianuieu
(Conduction) wazluianazasfing w7 aamaduiialdfundinuannafauiazdaiou

or b a’ ‘J »an or -é =i (v ‘nJJ ; 3 ¥ -y %
naauaufenlidingiiegiaiuifiszaugung Afs 1ndr naswiaanafeuaiiald
2 dnpizAe |

1.) Force Convection ifARINANHILEATINATBITRIBINTA U5 2ANT Halualians

o

vie w7 aseuuantas Aadng Tefianenisivatasennid wiafasgniisAufiania

S

ne W nFausau

3 1 4 4
2.) Free Convection i{imannnasinaaasaniAfifiuiminiun (Buoyancy Air) $ei

o - ar z H 1] é ~<n o/ { = ‘° ¥
seAvgnmnigeanefialusnuL LavenAviagsauRuladng TRy Tia g

3

4 af o ‘ : Ly =
FINUINUNNINNLT (Heavier Air) 1‘*22?1.‘21"..1!’1&"/]%7!

fanmniedeinumnuFaulagnisnianFau (Convection) aunsaauanlssa

&uN"3 (Cengel , Yunas A. 1997) Ag

Qo = h*A*(T,-T,)

cony

el Q,, UFniwanufeufichandnganasiaanisniannuiau(stu / h)
‘ D r ' % Ly 2 . 2
h ArdulsrvinisanemannFaulaenIInIANNTEY (Btu / h.i)
X dad J I o .
A wuhfaanfeudnemeinudang (ft)
QAQ o
T, gruugiinaadag (°F)
sk ' -
T, goumiinmewaniivadng - sanandng (°F)
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2.2.3 Radiation

nsurifed Aandsiufiusl emissivity) aanandng ganmuandeninaseuni e

o J ! o [ - [ t a; ) al' <&
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gnAluztreaduulimaninin (Electromagnetic Waves) 452 Tisisawu(Photron) 34

1 . n-l' v qd’ ° 3 A’ tor al v 4
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n17datinuANFaRInEN1EIALFAUIATNITNIAINFAY LUEIRINNITUN TR AN

v ll v < o ] . 174 ﬁi ) £ nl. = 4=i‘ 4‘ ol
Faulusiaslisananslunisdednumanuiay uﬂzLLum?damumqmﬂuwqum (e
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+ a AJ d' §73 il o =t P a o’ 19/ «l o EYs
TPYINTA LURITBINKATINEAITRIAD NKINANAIMAEL fammmmmmmmmmmmlm

AI&uNT (Cengel , Yunas A. 1997) Adid

4
Q. '= E*B A" (T, -T

rad sur )

efi Q

E

B

-

sur

rad

115 prnsAnuFauiiinad uannni s Fad (Watt)
ANIUREIR (emissivity) 28397E)

567 x10°W/(m°x K%

P
3 -5 R

Adlunasiiduinainnisue§aa (emissivity) 18edmgludnagegn

grungiisnnuindeniaesey (°K)
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2.4.2 Stack Ventilation
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2.6.2 Thickness of Air Space
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2.9.5 Comparative Summer Attic Thermal Performance of Six Roof Constructions

(D.S. Parker and J.R. Sherwin )
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2.9.6 PERFORMANCE ASSESSMENT OF PHOTOVOLTAIC ATTIC
-~ VENTILATOR FAN (Parker, Danny S. and Sherwin, John R.)
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aliadan AT 1/k AR

{(MEEB) heat flow down :

| (in) (n*ft2*F)/Btu
1RANANIARUEN 0.250
2 NRIANRRNTARAY 0.400 0.440
31asd1ean# (E = 0.05) 2.960
 4@duunia 0.236 0.25 0.300
5RRNAINIAGIUIY 0.814
U 4.770
AU 0.209

Tagiinwininany Weilausulnaalsi 2 fu
TAdng ARIHUUN 1/k AT R
(MEEB) heat flow down

(in) (W2 F/Bl

1RguemARuLen 0.250
2nasAnansanau 0.400 0.440,
31249198017 (E = 0.05) 2.960
dauauinaalsiu 3.000] 4.00 12.000
sBUdnuein 0.236 0.25 0.300
B HAuBINNAG I 0.814
Eity 16.764
AU 0.059




113

1 & =i ‘J re ) . =y = ‘-.:' o o
ArFasmasamansasey Weilauauiiaalszy uun 3 e Tuuundwiy

1liping ALY 1/k A1 R )

(MEEB) heat flow doWn
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1[fauainmasiuuen 0.250
owdcpnndninney 0.400 0.440
31843192714 (E = 0.05) - 2.960
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1ndan AT 1/k AT R

| (MEEB) heat flow down

(in) (h*ft2*F)/Btu
IRANAINAGI LN 0.250

2NN IANUNSNTAREY 0.400 0.440|

3l4a4i19a1nd (E = 0.05) 2,960
slauaninaalsis 3.0000 4.00 12.000
sfEUdunedn 0236 0.25 0.300
gnauanARIulY 0.920
EbY 16.870
AU ' 0.059
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- 1ladnn AN 1/k A1 R
(MEEB) heat flow down
(in) - (h*ftZ*F)/Btu.
1AaNaINIARNuLan 0.250
2MAIAURRNTARD Y 0.400 0.440|.
3%a3i1997n7A (E = 0.05) 2.960
4lauaninag ity 6.000] 4.00 24.000
sEUduasa 0.236] 0.25 0.300
sAaNaINIARWIY 0.920
293 28.870
AU 0.035
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