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ABSTRACT 

The idea that intend temperatures can be r e h d  by ventilating the air-space bemen the ceiling 
and the roof (the attic) o f  a b e ,  is wide& ackwwledged by Civil Engineers and Architects. Thrs 
phenomenon was evaluated through three soJiwares ( m O & L I M ,  COMmE and SPIELf which 
were designedfm the ana&sis ofthe thermalpeflormance ofbuiklings, by comparihg the results of 
all three. The prototype o f  a pclpular house in three merent locations in the State qfRio de J m i r o  
(Brazi'r), at 12ha do &mmubr, hC~&pa@ and Teresc@olir, w a  wed for the #a~uafruafrm of 
summer conditions. 

It is understad that thermai comfort in hot climates is related to the energv c ~ p t i o n  required 
for the an@cial c~itnatiiatibn ofambieplls, tthus a rechtion ofthis c m p t i m  can be attuhed if 
h u n g  techniqws, aimed at the proper adz pi^&^^ o f t h  buiung to the local climd, are used i.e. 
t h e  employngpassive sdutiopls to achieve thermal comfort in the built em'ronmeplf. 

The ventilaaon of attics for the rhree climatic situations siudred resulted in a small redkction o f h  
inside temperem. It was venjied; during th& research, that thzs reduction was abact tenth o f  a 
degree centigra& for the ma t  extreme climatic mnditim, at G?mmmdr. However, the the'Eisatim 
ofvepltr'hed attics can heEp promoting an expressive reductim in resrdential energy cmtsrcmption, $ 
wed alongside the aabption a f  other soiutio~~~ a f  Bioclimatic Architecture, h amtribtdzng to 
energy comervaiion in thrs area 

anoneoftheprhnetasks 

. Thus; it c o d  be said that the 

Rio de J a n e h  or 



ambients. In lowcost houses, the use of ahtidal 
Fuahmnore, a a umseqwneonsequence of improper 
conditiofls outside, are substantdly w m e d  inside the 

For warm-humid cfimates (which 
States of Rio & Janeiro and Sib 

of the attic of the of a lowcost house were 

amount of heat will 

2. NATUML VENTILATION AND 

There are two main goals refated to the 
- the r e m d  of excessive heat fi-om the 
the nemavat of internal hot air itsew, 
- ventilation for hygienic reasons, m 
buildingalope. 

The wntikdon of the attic air 
rnmm in the ambia for by 
convection, but that of mdkedy to the ambient though 
the ceiling 

As the temperature ranges remain considerably low in a daily and yearly 
schedule, i .e . , permanently above comfort standards, the use of Lherrnal 
inertia does not offer many advantages. In this res 
constructions are mostly recommended, as these all0 OW 

(air-permeability) and do not absorb and retain heat, 



Especialfy in me-storied houses, the roof is the building element which recehw the highest amount of 
solar radiation birghout the year. If t h e  is also an attic, the comrerted solar radiation into long-wave 
radiation is transndeted though the roofelemenis and a heat trap is f d  between the roof and the 
ceiling Whennoventhhnispravidedforfhisah.~ theinsi&bqaatmwrisefkrabovethe 
outside oms. 

Throughthe~onoftheattic,itis that the inside temperaaaes 
redtu;ed to a level the same as the rates airt-- Thisis 
renewingtheinsi&airthroughthe& attheattic andpartiaTLybycoolingtheintemal~by 
cmw&mandM- at the radiation heatexchanp. After this tmqmahm*tionis achieved, 
t h e h e a t ~ e r h t h e a t t i c t o t h e ~ e z l t W w i t i s s o m ~ ~ ~ t h u s a ~ ~ o f t h e  
~airtemperaanesistobe~~increasingCOMfortcon~inkambient. 

Althoughthe~isquitesimple, its&ciencydejxndsontheldonandsiae ofthe opmbgs. 
Fu&mmme, next to the t hewda t i on  by wind effect, one could take ahmtage of the stack effect, 
which consists ofthe nabral upwards rmwema of hot air, if openines at di.6- hei&s are 
provided. Inttriscase,kheatedairtrapmddalsobe~by&~bythe~~airc~ 
fiwnthe lower to the uppaopenbgs. 

3. THE PROTOTYPE: CASA-MODELO 

The prototype (CASA-MODELO) whhh was used for the sitrmlations consists of a low-cwt house 
w i t h a n i n t e r n a l ~ o f 1 2 m 2 a n d 3 m ~ M o n a  model by Instirut0 & Pesqui~m 
~emkjg~cas  & ~ i i b  P& for sitllilar studies 2. 

The CASA-MODELO (figwe 1) cxmdQ&s avmge b k k  walls (20 cm thick) which form only one 
ambient with an attic, separated by a 3 cm wooden ceiling. The roof is fomzed by ceramic tiles (1.5 cm 
thick) which offer a good thermal &ce. W& boards (3 cm thick) are used fo the &or. For a 
permanerrt ventitaton of the ambient, two wooden v e n e h  bfinds (4.W.00 m) are provided at 2.70 
m above the llom. At the same fkades of this blinds, there is a wooden door and a sirigl- 
window with wooden venetian blinds as well. External s m f h s  receive white finishes (including the 
rooo. Asforthemtandsudkq Onsytheatlic~andthefloorremain 

As this study is related to computer simulations, only the building data 
is considered as a basis for the simulations. It is not an experimental 
research, and no building has actually been built. 



In the case of the attic, three sitwhom were considenid fb@, without v e d h t b ,  and secondly and 
thirdty, wifh mpxhly two and four air- ptected by m e e t s .  

With consideralion of the climatic pammteq the adopted budding orientalion was @bmWy 
North-S& However7 forthe best use ofthe wind effect (accarding to the existent rates of 

were c o n s i w  allowing for heat losses by v e d a h n  wind current), both wind- and sun&entaWn 
and less solar gains. 

The occupation and ritiHsation ofthe CASA-MODEL0 are typical of a worlcing-class couple, being 
basicaJlynoctund 

h ~~ locations were considered, qmxnWhe of the basic cfimates of the State of Rio & 
Janeiro: IIha do (%vanador (typical urban climate), Jacm$agd (seaside climate) and Texaxjpolis 
(mountain climate). For these dxw lodons, the basic climatic fitdm such as air temperaaaes, 
~ehiiw humidity7 wind and solar radialion were collected for February (summer condihns). 

4. SIMULATIONS 

The three computer softwares which were ursed (CASAM- CO- and SPIEL) have been 
dadoped for the amlysis of the thermal perfixmince of buildings. They are run m small personal 
mmputm (PC's XT or AT) and are aimed at the design phase of the building acthdy and are aligned 
for the use of archkc& and ciuil engineem. The -on resufts enable the plarmer to & a general 
i d e a o f t h e b u i l ~ b e f ~ ~ e i t h a s a c ~ b e e n b &  The&adwnhgeoftfilr,evahmtionmethodis 
allowing several wrh@ of the same building to be tested, with w d  to their thermal p e r f i c e .  

The basic data for the three pmgams haw been s e  as follows: 
- geogaphical data (Wude, hemisphere, height); 
- meteorological data (radiation, albedo7 wind direction and velocity7 air temperahae, rerelative 
humidity); 
- building data (orientation, volume7 areas, shadowed sufw materials, mtemal heat gains, 
m M o n  rates, lmmnkion, abmption and emissivity dues). 

After~theprogramwiththesevah.ces,thesim~onisrunbyWdifferenmandBresuZts 
are offered as tables, diagrams and graphics, which make it possible for the architect to e v i h t e  the 
comfort standards m the built emhmmt. 

CASAMo-CXlM was developed by the Centre 8Energetique de IEcole des Mines de Paris, and its 
primal o b j e c h  are the emhation of d b r t  con<fdions and the calctikion of the existent charges of 
artificial clirnathtion 

After the climatic and building data has been enteml, the simulation is m for the desired time period 
and the results are shown in graphics (Givds Cbmfiort Diagram and temperahae curves) or in 
numbers (hourly values of the air temperatures, resuhant &mpa&um ansicking the heat wave 
emitted by the internal surfam- and relative humickty for the studied ambient). 



table 1: CASAMKLIM Resdb for Govemacbr 

&Centre dEmergetique ak IEc& &Mines d& Paris and it was 
bd@. 



As this program offers the 
t h d  perfinmame of wever, the &ts are 

dues for each zone. 

For the three climatic mes d d e r e d  and for the of the 
attic, the muh are shown below: 

table 4 : COMFIE Resutts fix Gave 

mean kt. tern- PC) mean int. tempaature chnjng 

mean int. tempature durmg 

The first thing to be noticed is a better semdidy of this program towards the venWon of fhe attic. 
Although the reduction of the ambient 
wdation rates m the attic, the red-uch 
m the fdowing table. 

Thus,bsou&theseresults,itcanbe oftheat(icisnotas&ecPiveasthe 
venthhn of the ambient itseg though, an attic when s h d d  be pn=ferenw 

4.3 SPIEL, 

SPIEL, was by Ecdhec Design Ltd (Shaeld, UK) for the adyas of the 
perfixmance of buildings and the calct&ion of the enagy for the of ambients. 



The input data is s d a r  to that of CASAMO-CI3h4 and COMFIE and the results consist of the daify 
temperaaKe development and of the c o w d e n t  e n w  consumption during ocaption (for lighting 
and ckadzation)). 

For the lint situation (the mmxdakd attic), at (3nemdm, the t- of the ambient and of the 
attic wm practically identid Mowing for the k t  W the program had not considered the heat gains 
fkomsolarabsoqtionontheroof; several testswereconductedto~thlr ,~t ion.  

In order to try to sohe this problem, a fiditious "glass enwlope" tibat is perfkc@ txampmt and d h  a 
thd~tanceequaltothatoftheextemat~wasintr~tothemodeL Forthemost 
w e  situation, the unventilated attic at Gavemado, h e  tmpmium of the ambient remained 
below those of the &tic. However, when the &tic was vedfated, the internal temperaaaes of the 
ambient row, even though the attic preseslted lower temperatures than before. 

It was then assumed that this jmgam was designed for northe3n part of the northem hemisphere, 
where rrtiMer solar mdiation is to be found In this case, the great temperature cliff- between m- 
andozltsi&(duetoh~systernsandinsulatedwalls)tumthe solar@inopaqueelementsinto an 
ahnost negtigibe fistor. 

5 CONCLUSIONS 

W e  that compurter simulation by PC's is stin. a rtd-im- tool to predict the precise 
perfbrmmce of a physical phenomenon (an epahm&d analysb would be xxxmmendable), 
onecannewthelessinferwhathappensmreality. 

I n b . l i s ~ h , d ~ ~ o f t h e m ~ t e m p e r a a a e s w e r e o b s e r v e d b y t h e ~ o n o f t w o  
softwares (CASAM0-CL.M and COMFIE) when the attic was ven th td  Though the exact deamse 
of the ambient tempera- was left un-ed, it was noticed that this duct ion is 

Nevertheless, as one of the various means to achieve thermal comfii m buildings using Biochalic 
Architeqtmc, the verdation of .the attic could be e&icient when applied alongside others such as 
s h a m  building finkha with low abmption and c r o s s - e o n  
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