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weight structures by purely passive means. The great temperature 
swing of desert climates is thus dramatically reduced. 

~- The above interior temperature improvements can be further enhanced 
by covering the roof areas with plant growth. This is a viable 
approach because in the Tropics the maximum solar radiation is closer 

to perpendicular. 

5. It has been calculated that thi! best thermal strategy for hot arid 
climates consists of pta~ting dec iduous plants on the equatorward 
~·a ll. This wall should he dad< co loured (high absorptance for solar 
radiation) to absorb maximum solar radiation when the leaves have 

been shed during winter . 

All other walls should be covet:ed with evergreens. 
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u a ongkorn University, Bangkok 10500, Thailand 

1 . Introduction 

1'he desire o£ energy eff. . . c er:ned h . iclent buildings is un!lerstood by 1 ' owever, the lack of Oita t "d ii 1 people con-
practice in the design 

1 
d. 0 gu e as a b;isis has hindered such 

d · n or er to encou a n the retrof.i,tting of existing buHd " rage any future building design 
transfer value (O'M"V) o r h i h rise 

111
?s, tl.'e study of overall therm.it 

out. The results o r OT1V . gl bul t d .1.n9s in o.ingkok has been c<1rd.ed 
ratio such that simple gui=•\ ~cs ;:ire used to comp.ire t he wjndow to w;ill 

e ine could be established. 

2. Calculation of OTTV 

2.1 Concept of OTTV 

~:e OTT~ concept takes into consideration the three 
at 9ain through the external walls basic elements of of a building, viz: 

a) heat conduction 
b) heat conduction 
c) solar radiation 

through opaque walls; 
through 9lass windows; 
through glass windows. 

These three elements of heat input are 
velope areil of the building to 9ive an averaged out over the whole enov!lrall thermal transfer value. 

To calculate the OTTV of an used: external wall, the following basic formula is 

OTTV 

where 
OTTV 
l\w 
Uw 
TDeq 
l\f 
Uf 
LlT 

SC 
SF 

(llw x Uw x 1Tieq) + lllf x A - Uf x LJT) + (llf X SC x SF) 
Tio 

overall thermal transfer value (W/m') 
opaque wall area (m') 
the:mal trasmittance of apaque wall (W/m'C) 
equivalent temperature difference (oC) 

fenestration (W/m'°C) 
between exterior and interior 

fenestration area (m') 
thermal transmittance of 
temperature difference 
<1c-!;irp1 Condit ion 
shading coefficient of fenestration 
solar factor (W/m') 

(l) 
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gross ~re~ o[ exterior wall 
Aw+ Af 

The factors, SF, SC and TDeq are evaluated for Bangkok climate using the 
available jnformation of solar energy and outdoor air temperature from 
Ref. N0. 4. 

2. l.1 Solar Factor (SF) 

The sol 'lr f;.ic •J r fo r vertic;il surr"c"s is derived from the annual 11ver.age 
sol<1r radiation transmi ted t hro ugh a J mm clear glass window (7 . 00 11 . M. 
- 6. 00 P. M. throughout the ye<tr) <ind determined for the eight primary 
CJrientatin ns (N, NF., F., SE , S, SW, w, NW), the average solar factor for 
vertical surfoces has been worked out to be 130 W/m'. This figure ha.s 
to be moc!if ied by a c:ortection factor when applied to a particular orien 
tation <1nd fenestrat ion component havin9 a slope a ngle of more than 70° 
"'"l h respect to the hodzont.il tre"t erl ;,s a w:it l. For a given orientil ·-

i rm .ind ·~nq l e <> f slope, t he soJ;:ir file or should be Cillculated from the 
following formula: 

SF no x er (W/m 2 ) ( 2) 

Where er is the correction factor with reference to the orientation of 
the f.1carfe an<l the pitch angle nf th0 fenestration component given in the 
table 1. 

Slope NE r. SE s SW w NW N 

90 l.Ofl 1. 29 1. 38 l. 43 1. 52 1. 46 1.18 1.00 

BO l. 28 1. 51 l. G3 1. 72 1. 79 1. 70 1.39 1.18 

70 1. 48 1. n t.Afl 1. 9A 2.05 1. 9) 1.60 1. 38 

'1'ilhl0 1. Solar correct irm r .:ir..: tor fr,r w;il J. 

The correction factors for other orientations and other pitch angles may 
be found by interpolation. 

In c;ilculation, absorptance component by glass is neglected due to its 
small magnitude. 

The flow r;hilrt in Fig. I. shows the step of solar factor calculation for 
ar1y time of rJ:1y. 

Tile ~;nl:ir f.icf.or hil!i hr.cu <1~rivf?d from the ilnnual r1ver.flge of !>nl.-.r r.1dia-
tion Lr.1nsmittecl throuqh ,, l mm cJe;1r glass window. For. other nystcm of 

fencstr.1U,m, the r;ite of solar heat g<tin is modified by the shading 

input: 

447 

Date, time, location, oricnL1lio11 
Direct radiation, diffuse radiation, slope 

1. Calculate solar time 
2. calculate hour .:ingle from soli'lt time 
J. Ca lculate declination 
4. Claculate zenith angle cosine 
5. C;ilcu late angle of incidence 

7 

6 . c.,lculate tildiation on plane 
7. scpcrn. c r~diil iou nn pliu1c to ciircct, cliffu~e from sky 

iln<'l diffuse from ground 
8. Calculate transmittance for c;1c.:h pcirtr. of rar1L-1tin11 
9. Calculate total radiation by summing up ei'lch pi!rts of 

radiation which transmitt through glass 

Fig. 1. Flow chart showing the step of solar filctor calculi!tion 
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coefficient of the fenestration system which is defined as the ratio of 
solar heat gain through the fenestration system having combination of 
glazing and shading device to the solar heat gain through an unshaded 
3 mm clear gli'ISS. This ri'ltio is a unique characteristic of each type of 
fenestration system and is represented by the equation: 

SC Solar heat gain of ilny g lass and shading combination 
So ar heat gain through a 3 mm unshaded clear glass 

In qencr(l l, the shC1rling coefficient of any fenestration system can be 
obt;iined by multiplying the shading coefficient of the glass and the 
effective shading coefficient of the external sun-shading device as 
follows: 

where 

SC (4) 

sh;1rlinq cqcffi<:ient n f th".? fenestrntion system 

sh;Hlin,~ cncffici,.~nt ,,f <JJ.-1;,~~ 

(3) 

;.;c 

~i': I 
• SC2 effective shading ccef ficient of external shading devices . 

2. I . 3 1;qu i va I ent Tempera tu re Di ff crence 

Equivalent Temperature Difference (TUeql js th,1t temperature diC(erence 
which results in the total heot flo·..i throu9h a structure as cause by the 
combined erfects of solar rad"ation and outdoor temperature. The TDeq 
"cross a st ructu re would t ake into account the ypes of construction, 
solor r;id.iotion, time o f day, location ""d oricnt<ition of the construc
tion and design condition. By adoptjnq the TDeq concept, the unsteady 
heat flow tht u9h a construct i on may thP.n be calculated using the steady 
st,1te hcc.t flow equ;ition: 

q = /\ x IJ x TDcq (5) 

'l'hc tct:hniriuc for c;:i l.cul11Linq Tnoq invo l ves the ccmcept of sol-<tir 
tem eril ure. !;v l -alr tcmper'1turc i s t hilt temper,1ture of the outdoor ilir 
which, ·n the ilbSence of ,il l ri1di.1tion exchiln9es, would 9ive the same 
r<Jte ,, r heilt entry Jnto the s urface as would exist with the actual com
btn'ltion o r incident sol•H rad iiltion, r'11lian ener9y exchan9_e with the 
s~.y ilnd other outdoor surrnund in9 , and connec ive heat exchange wi h the 
outdr"Jr air. 11 hc_;it b.11.1nce .1t" sun ! it s ur('1ce qives the hcnt flux 
into the surface q//\ in W/m 2 , as: 

l'nr thf~ purpo~a! nf OT'l'V c;llcuL1tin11, UH! shfldinq effect offered by 
intcrn.- 11 venP.ti.-1n bl inrl .1nrl curtr1in should he ignnrccl. 

where 

449 

absorptance of the surface for solar radiation 
total solar radiation incident on the surface, W/m 2 

coefficient of heat transfer by long wave radiation and 
convection at the outer surface, W/m 2 °C 
outdoor air temperature, °C 
surface temperature, °C 
hemispherical emittance of the ~urface 
the (!if f erence bet.ween the J onqwilve riln i;1 t ic111 inc incn t on 
the surface from the sky and surroundings, and the radiation 
emitted by a blackbody at outdoor air temperature, W/m 2

• 

Assuming the rate of heat transfer can be expressed in terms of the sol
air temperature, te: 

q//\ (7) 

sn 

(A) 

For vertical surfilces thi'1t receive lonqwrive r11dic1tion from the grounct 
and surrounding buildings as well as from the sky so il is ni.fficul t to 
determine their accurate ~R values. When solar radiation intensity is 
high, surfaces of terrestrial objects usually have a higher temperature 
than the outdoor air; thus, their lonqwnve radiation compens~tes to some 

extent for the sky's low emittance . Rcc.,use 
tice to assume ~R ~ o for vertical surfaces. 
it is appropriate to assign a value of 0.039 

of thi~ it is common prac
For the p'lrameter "6/h0 , 

for medium-colored surface. 

For T!Jeq, it can be found by using the Tr.,nsfer F11nctinn Meth od (TFM) 
which is used to compute ~he one-rlimensional transient heilt flow through 
Vilrious sunlit walls. Th~ results is general izefl to some extent by 
dividing the heat gain by the U-factor for e.,ch w.111 . The results thus 
obtained are in units of TDeq. 

By TFM, the sol-air temperature represents outdoor conditions, assuming 
the indoor air temperature and both indoor and outdoor surface heat 
transfer coefficients to be constant. The equation for calculating heat 
gain through a wall at any time is: 

~Cl 
n 

(9) 
n=o 

where 

I\ indoor surfC1ce area of a wall, m2 

hen t ga j n hy t.he ~p;ice throuqh i ncinor sur f.1ce~ c,f 

<l w.:11 l, w;1tts 
time, hours 



n 

te,t'-n6 
t 
re 

b ,C ,d 
n n n 
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time interval, hours 
summation index 
sol-air temperature at time -n 

constant indoor air temperature, 0 c 

transfer function coefficients 

oc 

T~e tra~sfer function coefficients b and d and 2 c for walls are 
listed in 1977 and 19Al llSllR/\E Fundamentals vo1U~~s.n 

For the sake o f s implicity in OTTV calculation, the TDeq of different 
types of construction h ave been narrowed down to three values according 
to the mass o f the constructions, as given in the Table 2 . 

W~ll construction - Mass per unit are~ TDeq 

0 - l so kg/m 2 12 °C 

151 - 351 kg/m2 8 °C 

;1bnve J'JI kg/m'- r, 0 c 

Table 2 · Equivalent temperature di [ ference for walls 

3. Calculation of OTTV - value for high-rise building 

The OTT\/: o~ individual walls calculated from Eq. l, then the 
whole building enve~ope is obtained by applying the weight to 
values. The following formula is used: 

OTT\/ of the 
these 

OTTV = 110 1 x OTTV l + 110 7. x OTT\/ 7. +-----+lion x OTT\/ n ( 10) 
------ 11-·- -· j·f\·t- ·- I ----· 

ol o2 ---- -
11

on 

Four high rise building of different envelope were studied. The archi
•tectura l de ta ii s of envelopes and OTT\/ results are shown in Table 3. 
rhe ilVeraqe OU tdoor tempera tu re i 5 about 30°C (i'lverage between 7. 00 II. M. 
to 6.00 P.M. throughout the year). 

4. Discussion 

llmong the (our high rise buildings studied, three of them utilize curtain 
w~l I typ~ construction (II, !l iln<l C) ;rn<l the fourth one is with conserva-
tive r_lcs~(Jn havinq nc;1rly i1'.l't. qlus;, window. Winclow t0 w.,Jl rr1 tio (WWH) 
of building 11 anti I! 11re about 70'1; whi I e building C is lower <>t 55~ .. 
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Considerin9 the OTTV-values, buildings II, B <rnd C <1re workerl out to hilve 
the values between 05 to 92 W/m 2• Eventhough the WWR of building c is 
lower, its OTT\/ falls between the others due to the locking of external 
shading device leaving most of the glass area exposed to the sun. 

For building D with conservative design having WWR of 45~. its OT1V-value 

is only 67 W/m2. 

Building II B c D 

numbers of storeys 12 J 2 18 J 7 

Surface-volume ratio 1:4 1:3 1: 4 1: 8 

Void-surface r<>tio 1: 3 1:4 .1: 4 1:6 

Window-wall ratio .I : 1.47 1: I, ~2 I: l.fl I I: 7. . 7. J 

Void-floor area ratio 1:3 1 : 3 l : 4 1: 14 

OTT\/ AS 92 '.JO r,7 

Table 3 . llrchitectural details of envelopes and OTTV results 

~- Conc1uni'm ------
Generally, it Ciln be concluded that the OTTV.of building envelope con
struclcrl with curtilin w.,lls ar~ frmncl tn be between R5 to CJ2 W/m

2 
while 

the value for conservative design bui\din<J is considc1.1hly h1wrt. 

This result would give some guidances to the architects in Thaililnd <1nd 
make them aware of the effect of different building envelope designs 
which bear considerable influence on the thermal comfort and sizes of 
air-conditioning equipment thereafter, With carefully designerl building 
envelope, it is expecting that energy efficient buildings in Thailand 

could be achieved in practice. 
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