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##4274117325 : MAJOR BUILDING TECHNOLOGY

KEY WORD: TRADITIONAL THAI HOUSE/ HEAT TRANSFER BEHAVIORS
DIREK WONGPANITKRIT: AN ANLYSIS OF THE HEAT TRANSFER BEHAVIORS THROUGH BUILDING
ENVELOPE OF THE TRADITIONAL THAI HOUSE. THESIS ADVISOR: PROF. SOONTORN BOONYATIKARN,
Ph.D. THESIS CO-ADVISOR: PROF.M.R.NENGNOI SUKSRI. 181 pp. ISBN 974-13-1267-9

The traditional Thai house is the architecture that respond to the Thai lifestyle and Thai environment when
the environment was still completed in the past. It was created by the understanding of the environmental condition
and environmental assets. As the environment has changed, there is the question in the appropriateness of the
traditional Thai house and thermal comfort in the present environment. The objectives of this research are to study the
impacts of variables that affect the heat transfer through each part of the building envelope. To analyze the behavior of
heat transfer through building envelope by the actual environment. Finally, to understand the potential and limitations

of the heat transfer behavior through the building envelope of the traditional Thai house.

According to the research methodology, there are 2 steps for data collection. First, data is collected from
the simulations in each part of the building envelope. Variables of roof simulation involve the roof materials and the
roof slope. Variables of wall simulation are wall orientation, shading condition and ventilation condition. For floor
simulation, the issue is to study the heat transfer behavior through the envelope that is not affected from direct solar
radiation and exchanged heat with the ground. Second, data is collected from the case study in the closed and the

opened window condition.

According to the findings, the maximum air temperature inside the test cell of lalang roof is 5.37°C lower
than the tile roof. The temperature of 60 degree slope roof is 2.17°C and 2.63°C lower than the 45 and 30 degree slope
roofs respectively. From the analysis of wall simulation under different shading and ventilation condition, the
temperature of the shaded and ventilated wall is the lowest one, there is only1.13°C higher than the outside air
temperature. While the temperature of the no-shaded and no-ventilated wall is the highest one, 9.10°C higher than the
maximum of outside air temperature. Direct solar radiation and ventilation condition affect the temperature of the wall
in different orientations. In the condition that the wall receives direct-solar radiation (without shading), the temperature
of the wall in different orientation is obviously different. Ventilation condition can decrease that difference. From the
analysis of floor simulation, the maximum air temperature inside the test cell is near to the maximum of outside air
temperature. In.the case study, by the adaptation of material and construction, that cause the heat transfer behavior to
be different from the real traditional Thai house. Therefore the analysis is concluded only for this case study (not in
general).In the case study with closed window condition, the inside air temperature is 2.38°C higher than the outside
air temperature for the maximum temperature, and 1.24°C for the average temperature. While in the case study with
opened window condition, the maximum and the average inside air temperature is slightly higher than the outside air
temperature . From the findings, the inside air temperature of the case study in any condition is higher than the outside

air temperature. The temperature varies according to the characteristics of the environment.

Department..... Architecture.................. Student’s Signature. ..o
Field of study...Building technology....... AAVISOr'S SIgNATUME. ...t

Academic year 2000...........ccoviiiinnnnn. Co-advisor's Signature.........coooviiii e
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nsitanlmasgilanseniindiilugioss  aziniBunnfdacsenfindnannsznudu

U938N"A(extraterrestrial solar radiation, ) dAtasuutlaslinaanyiall Inaasiirgeign

'
o

dszann 448 Btuh filalanaglndnosamaduinngaluiun 3 unsAn uazlARIgn
dszanns 419 Btuh f Walanaginemseniinguanngaluiui 4 nangiAx AeAEYed
13UNUNARN N ATAANNIENUT UL INN1 AT laNAaaAYall(solar  constant)aziAn

1lsvannd 433 Btu/h ft

nsilanuyusaudalaslasnszuaasdududgnsrasianiuasinygy 23.45 a9pn
AuszuILNIIuyuLeslanIau A indnaanatin b esend sz uae i uaue
o 1% 1 [ a rdld 1 . 3 A 1 . . a
ggmﬂ‘uL@mzmﬂﬁ@ﬂﬂumqmwmmiﬂmﬁ declination #199A1 solar declination (8) aAn
wWasuulaenaenisl dvacdistegludos + 2345 a9 nsulasuulasuessn solar

declination \{luawisyinlinaggniawazaeInafduuaznaeAune s llmiiu

YULNANTIFAR N ATNRINNIZNLTULTEN AL TR R Ta il ANl TR U 9eN 1
FUUTTLNARITAN @mirﬁh\ijﬂ@fﬂuﬁum@mmﬂlﬂiu fuavens TuanaresingTiingie)
Talaw lath wazAeuws Wiy azinmthfigedu aziieu uazyinlinaN1INIz1Ae95ag
4 5 ) a. 1] £ Y o y
TIAINA THL TN WA W IRI T AR A RENANNTENUTRUTTENNIARN AR AR9TNAzLTZNaL
foe 2 douma NARTeAINANaiad(direct normal-radiation, E.)uari@niAnaInnng
nIvIANNQNEENIN SanszataaInawanes(diffuse radiation, E.)ifludy doudndonaas
N1IAAANTEIANWENAENANNIENLFUL TN ANANNENIARLANST] AzilsiumNTiin

094417 1T UL TN IALAL L LNT 59R LA UN N LT UL TN A



12

° - Qs - o >
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<. EARTH-SUN LINE s :

AN 2-1 usAe Solar Angle UUTEUNL uuquﬂuua:umﬁ'q
;. American Society of Heating, Refrigerating and Air Conditioning Engineerings.1997
ASHRAE Handbook Fundamentals.|-P Edition. (Atlanta Georgia,1997),p. 29.16.
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latitude, L) uazAn hour angle (H) Mihwaarmiuannaan solar noon Tnesiautlssings I
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[ 2

AHFURUSINAT

H =(0.25* (720 - AST)

AST =LST+ET+4(LSM-LON)
4 v

tla

H = hour angle, degree

AST = apparent solar time, minute
LST = local standard time, minute

ET = equation, minute
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LSM = local standard time meridian, degree(Uszinalne 105°E)

LON = local longitude, degree

]
a

4 = 1987 (W1N) AmagaimeldlunisAaaunenuLdL

Longitude %N 1 84AN

sinB = cosL cosO cosH + sinL sind
cos(I) = sinB sinL - sinQ

cosB cosL

msa:qﬁqLmuwmmqmﬁmﬁwm solar altitude LAYNN solar azimuth a1aLNe

a Q
1 ¥
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cosO = COSB cosy sin. + sinB cos
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Y Aa Surface Solar Azimuth
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E = EDNcose +E,+E

orientation

N NE E SE S SW W NW

surface azimuth (V)

(¢}

180° | -135° | -90 -45 45 90 135°

FN39% 2-1 WAAS TIANINIIEI LN LA e

w1 American Society of Heating, Refrigerating and Air Conditioning Engineerings.1997

ASHRAE Handbook Fundamentals.I-P Edition. (Atlanta Georgia,1997),p. 29.16.
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222 ANENAUDINAANDNATLATANIZAINIALALSAY (The Sol - Air

Temperature)
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ASHRAE (1997) 1FAMNNNEI IR sol-air temperature 1491
“sol-air temperature is the temperature of the outdoor air that, in absence of all radiation
changes, gives the same rate of heat entry into the surfaces as would the combination of
incident solar radiation, radiant energy with the sky and other outdoor surroundings, and

convective heat exchange with the outdoor air.”
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sol-air temperature (t) = t,+ QU /h, - EAR/ h,

Taeri

t, = sol-air temperature (°F)

t = gaungieiniAniauan (°F)

o = duilsrAnsnisgaduied@nasanfindueaiadng (laddmion)

| - 593neniReTiannasnuanan (Btu/ h. ft)

h, = dunlsyAnEnistnemanuieneiaran s dAALE1? uaT NI
mm"f@uﬁﬁqé’mu@ﬂﬁmq (Btu/ h.ft’.°F)

€ = ANNIINILANELAIINTEUDBNAINHIIA
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q
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o o d‘y a d‘ Yo al dll . . v

AmFunuRa luuiny AlFFun1susssarauenq (long wave radiation) aMnyiasin
iWenaginaaen A1 AR azilszannd 20 Btu/ h. ft© 61A) € windu 1 uaz h, Windu 3.0 udn
gruupRnnlasulililesainiaaauanvsadl - €AR/ h)anaunis avwindu —7°F

(Bliss, 1961 819019144 ASHRAE,1997: 28.5)
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Q - 1BunuAnu Ui emewaenenans (Btu/h)
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2.4 AUANTANINANMNSAULRIAALLAANEIAIS (Givoni B.,1969:96-112)
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cosO = cosB cosY

Ine
= 45 (AN solar altitude)

Y = (42-(-90)) (solar azimuth — surface azimuth)

Cose = cos45 cos132

cose =-0473

%
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cosO = CosB cosYy

e
B = 45 (AN solar altitude)
Y = (42-180) (solar azimuth — surface azimuth)
AL
cosO = cos45 cos(-138)
cos® =-0525
piiansiulymenalea
cosO = COSB cosYy
IR
B = 45 (A" solar altitude)
Y = (42-0) (solar azimuth — surface azimuth)
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cose = cos45 cos4?

cos® =0.525
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cosO = COSB cosY
Tneim
= 45 (A1 solar altitude)

Y = (42- 90) (solar azimuth — surface azimuth)

cose = cos45 cos48

oose =0.473
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NGRS

sol-air temperature (t,) = t, + Ol /h, - EAR/ h, (ASHRAE,1997:28.5)
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A289WUHa A1 sol-air temperature lagniavuaduiusouls o/ h 13 2 A1 Ae Wa

1
ISP o [ o A

o/ h, 1A10.15 A uduiaresinnaael Laze O/ h, dA1 0.30 FailuAngegailatiovasing

a q

[%
a v aa [ = o A a

HAdw TelunnsideiiaaesianasianwinaniuAedrealdiniuua Al o h, HAndszann
0.15  WarAN5aAnfNeintdsNaasnianlasusaidnisanindlnansa(launan) 1w 250
Btu/ h. ft* AnF@neaimeisanaesiilian llasusadanasefindlaanse(ldinuuwam) 1w 50

Btu/ h. ft* goumnRenia 95°F Ingunuan lugasaznuan
% dl Yo o &l a
nian la5u5aRnqsaninelnamnsa(lauunam)

sol-air temperature (t,) = 95 + (250*0.15) - 0

sol-air temperature (t,) =95 + (250*0.15) - .0

sol-air temperature (t,) 132.5°F

pidan Il e 5USadnsanindlnansaclulnuunm)

sol-air temperature (t,) = 95 + (50*0.15) - 0

sol-air temperature (t,) = 95 + (50*0.15) - 0

sol-air temperature () = 102.5°F
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NANUIN N
Description Density Conductivity | Conductance Resistance Specific
o/ ft* () () (R) Heat
Btu in/h ft*°F Btu/h ft*°F (1K) | (1/c) | Btulb°F
Ffth | OF f'h/
Btu in Btu
FINISH FLOORING MATERIALS
Tarrazzo 1 in. 3 - 12.50 - 0.08 0.19
Tile — asphalt, lionoleum, vinyl, rubber 5 3 20.00 - 0.05 0.30
Vinyl asbestos 0.24
ceramic 0.19
Wood, hardwood finish 0.75 in. - - 1.47 - 0.68
ROOFING
Asbestos-cement shringles 120 - 4.76 - 0.21 0.24
Asphalt roll roofing 70 3 6.50 - 0.15 0.36
Asphalt shingles 70 - 2.27 - 0.44 0.30
Built-up roofing 0.375 in. 70 - 3.00 - 0.33 0.35
Slate 0.51n. - - 20.00 - 0.05 0.30
Wood shingles, plain and plastic film < - 1.06 - 0.94 0.31
faced
MASONRY MATERIALS
Masonry Units
Brick, fired clay 150 8.4-10.2 - 0.12- - -
0.10
140 7.4-9.0 - 0.14- - -
0.11
130 6.4-7.8 - 0.16- - -
0.12
120 5.6-6.8 - 0.18- - 0.19
0.15
110 4.9-5.9 ¢ 0.20- - -
047
100 4.2-51 — 0.24- - B
0.20
90 3.6-4.3 - 0.28- - -
0.24

AN NUAAIANANTFNIATFIUNNANTE LRI ARBIAN TR L

f1: American Society of Heating, Refrigerating and Air Conditioning Engineerings.1997 ASHRAE

Handbook Fundamentals.l-P Edition. (Atlanta Georgia,1997),p.24.4-24.7 .
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Description Density | Conductivity | Conductance Resistance Specific
o/ ft* () () (R) Heat
Btu in/h f*°F Btu/h ft*°F (1K) | (1/c) | Btulb°F
°Fft'h/ | OF f'h/
Btu in Btu
Concretes
Sand and gravel or stone aggregate 150 10.0-20.0 - 0.10- - -
concretes(concretes with more than 0.05
50 % quartz or quartzite sand have 140 9.0-18.0 - 0.11- - 0.19-0.24
conductivities in higher end of the 0.06
range) 130 7.0-13.0 - 0.14- - -
0.08
WOODS (12% moisture content)
Hardwoods 0.39
Oak 44 2- 1%2.1.25, = 0.89- -
46.8 0.80
Birch 42.6- 1.16-1.22 - 0.87- -
45.4 0.82
Maple 39.8- 1.09-1.19 - 0.92- -
44.0 0.84
Ash 38.4- 1.06-1.14 - 0.94- -
41.9 0.88
Solfwoods 0.39
Southern Pine 35.6- 1.00-1.12 - 1.00- -
41.2 0.89
Doughlas Fir-Larch 33.5- 0.95-1.01 - 1.06- -
36.3 0.99
Southern Cypress 31.4- 0.90-0.92 - 1.11- -
32.1 1.09
Hem-Fir, Spruce-Pine-Fir 24.5- 0.74-0.90 - 1.35- -
31.4 1.1
West Coast Woods, Cedars 21.7- 0.68-0.90 - 1.48- -
31.4 1.11
California Redwood 24.5- 0.74-0.82 - 1.35-
28.0 1.22

F1919 Lmmammﬁﬁmmﬁmmqmm%’@m@ﬁa@mm@ﬁﬁﬂ(m’@)

1 American Society of Heating, Refrigerating and Air Conditioning Engineerings.1997 ASHRAE

Handbook Fundamentals.I-P Edition. (Atlanta Georgia,1997),p.24.4-24.7.
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NIANUIN A
PERCENT OF PERCENT OF
SURFACE REFLECTIVITY EMISSIVITY
Solar Thermal Thermal
radiation Radiation Radiation
Silver, polished 93 98 2
Aluminum, polished 85 92 8
Whitewash 80 - -
Copper, polished 8 85 15
Chromium plate 72 80 20
White lead plain 7l 11 89
White marble 54 5 95
Light green paint 50 5 5
Aluminum paint 45 45 55
Indiana limestone 43 5 95
Wood, pine 40 5 95
Asbestos cement, aged 1 year 29 5 95
Red clay brick 23-30 6 94
Gray paint 25 5 95
Galvanized iron, aged (oxidized) 10 72 28
Black matte 3 5 95

ANINUAAIKATRTANTIRaLAWEse FAANeTinduariidnnuFau

A Olgyay, V. Design with Climate: Bioclimatic Approach to Architectural Regionalism. 2" ed. (New

York: Van Nostrand reinhold,1992),p:114.
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NMANUIN A
Surrounding Surface Temperature, °F Surface Heat Flux, Btu/h ft’
75 70 65 60 50
Convection 6.6 6.6 6.6 6.6 6.6
Radiation 4.4 8.6 12.8 17.0 24.9
Total 11.0 15.2 194 23.6 31.5

%
a

ANILARNAINIANFNNTB9AN Surface Heat Flux a‘?']m?uﬁuﬁq‘luumé’iﬁﬁfqmmﬁ 80°Friaguu)RNLRn
Tneisausine (70°F Ambient Still Air ; 0.83 Emittance)

ﬁm: American Society of Heating, Refrigerating and Air Conditioning Engineerings.1997 ASHRAE
Handbook Fundamentals.I-P Edition. (Atlanta Georgia,1997),p.22.6.

Surface Emittance,&
Position of Surface Direction of Heat Flow | Non-Radiative Reflective

€ =0.90 €=0.20 €=0.05

h, R h, R h, R
STILL AIR
Horizontal Upward 1.63 0.61 0.91 1.10 0.76 1.32
Sloping — 45° Upward 1.60 0.62 0.88 1.14 0.73 1.37
Vertical Horizontal 1.46 0.68 0.74 1.35 0.59 1.70
Sloping — 45° Downward 1.32 0.76 0.60 1.67 0.45 2.22
Horizontal Downward 1.08 0.92 0.37 2.70 0.22 4.55
MOVING AIR (Any paosition) h, R
15-mph Wind Any 6.00 0.17 - - - -
(for winter)
7.5-mph Wind Any 4.00 0.25 - - - -
(for summer)

mm\‘iLmmm’wmmwmmmiumsﬁﬁmmﬁ?@mmﬁuﬁqLL@:mmmmsaiunwﬁmmumm?auﬁum
ANA

‘ﬁlmz American Society of Heating, Refrigerating and Air Conditioning Engineerings.1997 ASHRAE
Handbook Fundamentals.|-P Edition. (Atlanta Georgia,1997),p.24.2.
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NMAKNUIN 3
Material Thickness U Value Time lag
(Inches) (Btu h /ftz) (hours)

2 0.98 1.1

4 0.84 2.5

Solid Concrete 6 0.74 3.8
8 0.66 5.1

12 0.54 7.8
16 0.46 10.2

4 0.60 2.3

Common Brick 8 0.41 5.5
12 0.31 8.5
16 0.25 12.0

Face Brick 4 0.77 2.4
0.5 0.68 0.17
Wood 1 0.48 0.45

2 0.30 1.3
0.5 0.42 0.08
1 0.26 0.23
Insulating Board 2 0.14 0.77
4 0.08 2.7

6 0.05 5.0

AT IUEAIANATHAINN T TN TEGENUANFaR(U) | wae | Adtan lunsviaamilanadnufeutime lag)
duFunilaiileLaen (homogeneous wall)
A Heating, Ventilating, Air-Conditioning Guide, 1952 GRRANI! Olgyay,. V. Design with Climate:

Bioclimatic. Approach to Architectural = Regionalism. 2" ed. (New ‘York: Van Nostrand

reinhold,1992),p.119.
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Description Density Thermal Diffusivity Specific Heat
(Ib /) (ft / h) Btu /b °F
Concrete 140 0.27-0.054 0.22
Steel 484 0.038 0.12
Wood 22-44 0.005-0.006 0.40
Insulation 0.6-2.0 0.22-0.027 0.2-0.38

MNINUAAIANAITNNUNIILNIRSFIU (typical densities) AMNNTNIZAN8AINNIBU (thermal diffusivities)

WATANANTBUANE (specific heat) Tetianainislagialyl

fun: American Society of Heating, Refrigerating and Air Conditioning Engineerings.1997 ASHRAE

Handbook Fundamentals.I-P Edition. (Atlanta Georgia,1997),p.39.12.
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NARUIN R
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