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CONCLUSIONS

The effectiveness and advantages to be gained with architectural design parameters can be inferred relative to
maximum performance, as least favourable. Orientation can be advantageously utilised to influence
residential building energy performance offering a possible improvement of 5%, Optimum orientation is
indicated at N #15° The effect of plan proportion on building energy performance is generally limited. but

can be more cvident when considered with regard to the allocation of facade glazing. with an optimum plan
proportion of P=1-1.5,

Apart from the optinum orientation range recommended. two-side glazing is more advantageous than all-
side glazing for orientation range N to NE and SE to S. All-side glazing is better ir: the range NE to SE.
Double glazing and heat re lecting glass can be advantageous providing cooling load improvement of up to
15%, which is comparable to that with application of insulation. Obstruction by neighbouring buildings also
ofters greater potentials for reduction of building cooling load by a maximum of about 10%.
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ABSTRACT

A two-dimensional CFD based model named "EVITA’ wasb deezjelopett"j1 etof ;::L:llg:s rr:zeag:gs;z:l
ildi ections. It is based on i ' '

thermal performance of rectangular building s , e e e

i ded high order reatment O
collocated arrangement of variables and a boun ‘ ' = k|
i { i | solar passive cooling techniques
ations and assumptions required to eva}uale usua .
Eillzded. Numerical results are compared with experimental values showing good agreement.
© 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

) ; = . =
Several Venezuelan cities have a hot and humid climate. Smlﬁqlly, Ma'u'.acalbo, a ::lgn elsoclallzim:: L
Northwest part of Venezuela (10.65° latitude) is one where these cllm‘auc conditions ar: ex c; ; air‘ i
he highdst amount of residential electrical energy in South Amenca, due to mechani 3 i
yhens AC) usage. By the other hand, 64% of its population can not use AC systems. Therefore, t g e
i Igal.iony of buildings is very important when thermal comfort and energy efhcner.\t esngm_ng-
e 5 S | premises. An altemative approach for this evaluation is the computational .ﬂu1d c?ynamlc:
© llge ﬁjlnd:ar:e:'t:v:d to be .very efficient for the prediction of flow and temperature ﬁe!ds in ;nwrc:m:«;gr
(aCFl’c):;tiolns It :llows studying the dynamic thermal performance of_ a system to supply dclall.cd Il'll (()r:l‘:, alg e
1 and ‘h er assessment of passive solar building applications. Prev!oys computationa +dy
fa?‘”_ 9;353Pd non-full scale experimental studies have demonstrated that it is possible to reduce the ||.n O:
s )? na building incorporating solar passive cooling systems (SPFS).for these local cm::’ :
lem? oms, h?)wever none full-scale experimental data was available to verify it. In Qus saper\,l. \:endas
Z{Jﬂ Ill<_>nS-l computational mode! named EVITA (Spanish acronym for Evaluacion de , l[hcrma]
Kmn}lom Adp tadas) is presented. It has been developed to simulate. evaluate and compare the ther y
1emllcamcnler t:fildin section. The CFD technique (Rincon and Elder, 1997) along with all those require
PCffOf_manCC: a:sumptioss to evaluate and characterise the more usual SPCS. to be implemented in ar;:ca‘:ﬁ:
eqU;llOHS 'ac:l climate (hot and humid) have been incorporated. Numcr]cal results are .sorppa g
xlperi'rj:::pr:tal data registered in full-scale cells specially built for the evaluation and characterisation O

0960-1481/98/3—-see front matter © 1998 Elsevier Science Ltd. All rights reserved.
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(Gonzilez, 1997), with very good d
lower-level evaluations (Verma er al., 1986, Bansal and Bhandari 1996)

COMPUTATIONAL MODEL

EVITA s a two-dimensional code based on the volum:
bounded high order treatment for the convection A PI

Ci up d q ations t (o] ntu U C SS a n m
5 M me m and Ener The t
0 |e equations of C()lltlllul Y, nergy h S€ €quations can be expre ed in ge eraf fO

[5 . 2
-é‘—i-(u V)¢ =T, V¢ +S,

(1

1979),

Boundary Conditions

aVelage Values of |elathe humldlly constant the“lla] d p prop
»
and optical bulldl"g matenal roperties are used

. heat transfer mode ing i ildi i i
They arefimemriy e s occumng in the building boundaries are no linear

considered, the net heat transfer on the i:((}tl:r;:ﬁ:?:tl e ar 920 When re_gu_lar e e
e osure exposed to solar radiation and external environment

Q8= hu(Tam (©) -To () +alz +Fosys0 (T (0- T (1)) @
w . .
boh:;za}:;. i:o:; tt:ri ~ﬁlT ‘heat transfer coe.ﬁimgnt due to wind; T,(t) is the outdoor temperature, Tg(t) is the
i Co[:‘ﬁ . t: o flS thf% ab§orbed irradiance (v absortivity); &, is the surface emissivity; Fqy is the
Sky temaens ii y :t ;?:1 i ac(;or, G is thfe Stefan-Boltzman constant, and Taq(t) is the sky tempera‘tur-e in K
oo ot e dt For:ea as a function of the .sky emissivity, which in tum depends on the atmospheric air
i n open roof popd with solar control and open roof pond shaded and ventilated
poration and radiative exchange (wate ,

e simulating St s T  €x . r-sky or water-shading panel) must be added
, the buil i i ine di
Beghrespond o e | . uilding section has a configuration during sunshine different to

Validation of the Computational Model

Two expgrimental cells were specially desi
mass cooling by long wavelength nocturnal
thermal performance with the traditional col
external walls but different roofs. One of th

gnfzd.and built for evaluating three SPCS based on roof thermal
radlatu?n and evaporation (Gonzalez, 1997) In order to evaluate its
nstructive system used in Venezuela, they were built with identical
e cells. named Reference cell (CREF) has a well-insulated roof” The

ynamic performance agreement This fact makes it different from other

e apgroach, with a collocated variable arrangement and a
SO-like scheme is used to solve the transient form of the
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Table 1. Comparison of experimental and numerical results of daily average indoor temperature (°C)

CREF CEXP Urof TLR%
Tom T Tew Tos Tazs W-h mK! TLR, TLR
ESULIB.AC 3130 31.36 28.93 28 58 29 52 16 84 41.27 434
August 96. 1.3 nvs
ESULB.AC 29.57 29.03 26 63 26 28 2749 2022 6564 70.72
January 97, 1 9 vs
ESULIB.SV 3005 2935 2736 27.17 27.88 2490 54.78 50 20
February 97 [ 8 mvs
ESUSE AC 30.50 30 54 28 60 2790 28 47 9 60 36.6% 4770
March 97,23 m's
“Thennal load reduction percentage of CEXP with cespect o CREF. using 25°C as comfort temperature

Table 2. Absolute errors of simulated indoor temperatures with respect to experimental values, in K (%)

ESULIB.AC ESULIB.AC ESULIB SV ESUSE AC
Augpast 56 Januarv 97 February 97 March 97

CEXP CREF CEXP CREF CEXP CREF CEXP CREF
Maximum (%) |128(4.2) [0.70¢2.2) [1.37(4.9) [1.65(54) [105(3.7 | 1.80(57) | 1.85¢58) |120(3.7)
Mini 035 0.60 042 015 L4 +0.05 020 080
Average +)35 009 +0.37 +0.52 +.19 +070 +0.65 £.02

other cell named Experimental cell (CEXP) has an open roof pond. This roof pond is protected by a movable
insulating panel of polystyrenc with a glass fibre cover It is located over the water surface allowing to expose
the water to the sky and atmospheric air only during the night, or to shade and ventilate the water during all day

Temperature and relative humidity probes were placed into the cells, and instant analogical signals were
recorded by a data acquisition system. All relevant climatic conditions were registered in a metcorological
station. The CREF roof is made of 25 ¢cm of polystyrenc, followed by 5 cm of light concrete and 3 mm asphalt
layer The CEXP roof is a metallic reservoir full of water until 10 cm of height The climatic variable values
and indoor temperature of the cells are the average results of 21 days continuous period of measurements. The
calculation domain is a 30x30 nodal point's grid Comparison of numerical and experimental values of
temperature are shown in Figures | to 4: Figures | and 2 correspond to the solar-controlled SPCS thermal
performance, based on cooling by noctumal radiation and by evaporation, for August 1996 and January 1997,
respectively. They ate named ESULIB AC. Figure 3 shows the thermal performance of a SPCS which cooling
is based only on evaporation (allowing 24 hours of ventilation but under shading), it is denoted as ESULIB.SV

Figure 4 shows the thermal performance of a SPCS where the cooling is achieved only with nocturnal
radiation, denoted as ESUSE.AC All these SPCS were evaluated without considering air infiltration to the
interior volume and to the roof pond in the sunshine time (except in the ESULIB.5V) This was fulfilled in the
experimental cells for the interior volume but not for the roof This fact along with the clear sky assumption for
noctumal radiative cooling calculation is responsible for the deviations in the value of watcr temperature in
ESULIB.AC and ESUSE.AC. It is worth to note that the corresponding simulation curves show practically the
same experimental performance and the same average daily indoor temperature. CEXP indoor temperature
values are almost coincident during the first 14 hours. Mcasured and numerical daily average temperatures are
shown in Table 1, along with the values of a roof daily average global heat transfer coefficient (U), based on
CEXP simulated indoor temperature. This is a cooling potential measure of cach considered SPCS. Table 2
presents the absolute erors related to the experimental values with the relative maximum deviation shown in
brackets. It can be obscrved a very good agreement even though it is a two-dimensional model Regarding to
indoor temperatures, a maximum deviation of 6% (1 85 K) and a maximum average error of 2%, was obtained
for all the considered cases

CONCLUSION

The computational code EVITA has been validated, comparing the numerical results with those obtained
experimentally. A maximum deviation in indoor temperature of 6% (1.85 K) and a maximum average error of
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Figure 1 Figure 2
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Comparison of simulated temperatures and measured ten-'n_p?a_tt_lgs" in CREF Hi_EE_X"P‘Tor:_-I‘ and 2
ESULIB.AC (August and January, respectively), 3. ESULIB.SV (February), and 4. ESUSE AC (March).

2% was obtained for all the considered cases, showing very good agreement With the inherert limitations of a
two-dimensional model, it allows to evaluate the thermal transient performance of a rectangular building

section, for any walls, roof and floor material composition, under the local climatic conditions. Parametric
studies and comparative evaluation of different SPCS can be carried out. These evaluations include thermal
response, characterisation and optimisation, thermal load reduction percentage through the extemal enclosure,
cooling potential and any other quantity related to the fluid and heat transfer process. Since it is based on CFD
simulations, it is possible to obtain temperatures and velocity fields at a given time.
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ABSTRACT

i ject. the aim of which
Since updating the NZ embadied energy data, the authors have been.engagcj in :(lIRrOJ;duc[ion oy
i ”:(C)tstopre in accomputcr database the data related to the pmccrs‘stj's mvl:)g:j? dlrl;w;cf—)ue‘ i
. ildi 3 m C S MAY
1 ducts such that their e :
: : the manufacture of building pro D e
zgteenril:d?lnydand transparently than at present © 1998 Elsevier Science Lid. All rig
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&NTRODUCTlON

i i < cients was carried out manually
During preyious studies imw hich the computation of embodied energy co;:t.'ﬁcne{r:ﬁn e et
E;I';' ib-tnd Chan. 1983 Alcorn. 1996) it became evident to lhe.aulhors that en m%vdy I
( ~“f:";“ d |Vt~|hu:;c would give several benefits. Rather than having the d;:a In..l r:‘: s i L
TW(;:‘F,. cOm;n;lcr database would provide better accessibility o researc cr:f.::nbodied o
el I was i i : tations
A i e ditlered important that the compu gy cocthieienss
adely available. It was also considerec _ : o WAL i
“I‘:‘)‘::zl ;: audited for correctness. that the data be available to future conu;'ut}l;]t‘).::‘mdicg cnczgv fisior
~\h*‘t references tagged to data items would enable efficient fol.lowv-up worh. ,;11;,: i Iy e
lm:lmv inhcrcni dc;endcncsc.\ on other data. requiring rcc:\lcul‘nuon ifany onc\. S ;hc T e
: Sinally. the database 1d provide report genera 3
y +d system, Finally. the database wou
a computer-based systent.
answers to ad-hoc queries on the data.

i i ific embodied energy
Although the current primary task of the authors 1s to ca]cula'le New izzlag;:p::&{d s e
cocfhicients of building materials, it became apparent that ”'Edp::’cpc n.hmm -4 cmboJ‘.cd e
CCOMDASS bodied properties of materials such as cnjh()d!g ores ¢ g Lani
L"W"‘I’-‘:Z al;ne:li:m paper. the authors describe their experience in developing sotiwa
wastes, ctc. il A .

energy data
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