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Introductioﬁ

Pitched roofs are part of traditional:budilding all around the world
in e¢limates.as diverse as tropical and temperate, as well as in cooler
territories. - The part of the envelope of houses most exposed to the
climatg¢ is the roof. The effect of the sun, wind, rain and snow are
. generally morgvgronoqnced on the roof than on any other part of the building,
sojthat heat. transpigsion through' pitched roofs with an attic ig crucial
for theaguality n§h5bébin¢po;1ctimgte of the house. Attic ventilation is
generally used for heat’ rejectionand to avoidocondensation. This paper
deals with heat reéeqtjpp;ma:vgry‘importahtfmatter:én hot climates.
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Heat Transmission thvough Roofs |

The heat transmitted through a roof will depedd on the quality of the
roof cover, emigsivity of the attic surfaces, thermal resistances and
capacities of .the c0mg§ﬁ§ﬁt§,éﬁ&iventilaﬁion of the attic.. The quality
of the roof gover will deterfiine’the short and long wave radiation that are
generally the main source Of” efiergy in the system. - The, emissiyity of the
underside of the roof will determine how much radiation is emitted Erdm it
to the.ceiling. This is the main sourcde of heat to the. ceiling, but there
is also heat tramsfer by convection. Thermal resistances and capacities
will govern the conduction in the components.. - The ventilation will influence
the couvectiverftaggmiéégqn:from the roof rto -the ceiling by the attic. air:”
Although radiati@g;ggjqﬁ;_di:eétly changed by ventilation, i;,is‘siightfﬁ
modified by the chaﬁgeffﬂ gurface températuresi- The imperﬁaﬁée of attic-
ventilatign for lieat "réjection will dépénd on the -combination of the above
. chardcteristics and on the’températuré~of the ventilating,aixr. Natural
veptilation.js. caused fy the“wird and by stack effect., - To use the wind,
eaves openings are sufficient, but to use the stack effect eaves and ridge
openings arne needed. , As ridge openingé are expensiye for low cost housing,
this paper will ¢gn&ider qﬁiy eaves ventilixtionh-. ¢ .
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The Mathematical Model

A simple ma:hematiqalfméder_bﬁ@éiﬁégf@qg_node to represent a whole
surface ‘and -one nyégtfogftﬁq attic air has been developed for steady state
aefwork analysis .;_,_;,.._,Arj“,e}gfﬁ\‘tg@cal*?amlagy:.of the-mpde} is, shown in figure 1.
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A1l thermal reEQs%ances are taken“frofi the guide of ihe\Chaptpp%d? - —
I“Sti;”tdﬁWk£¢~B“éléiﬁﬁ;ﬁgfv}ng (CIBS), but the radiation resistance was'’ ‘ *zgs 5

‘emlculated based oniﬂ;quytfhcﬁ'témpéracures. -The ventilation was taken wke®

intd account ,, consideting the attic air tempeérature as.g mean between the
ivinput -and output air temperatures. ' B il
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This model has been run with climatic data of a summer day with 2.5%
probability of occurrence in Porto Alegre, Brazil (1). The solar radia-
tion was 935 W/m? on the horizontal surface and the screen air temperature
was 32.4° C. The inside air temperature was taken to be 30° C, assuming
a house without air conditioning and of low thermal capacity.

Temperatures

TSA Sol-air
TR Roof
TCU Upperside of Ceiling
ROOF COVER TC1 Underside of Ceiling
T Room Air Thermal
TTI i :
ATTIC Resistances
RSO Roof Outside Surface
Tﬁé RCD CEILING RSI Ceiling to Room
RR Radiation, Roof to
Ry Ceiling
- ° R . P
[N C1 Convection, Underside
of Roof
R Convection, Top of
Cc2 o - :
Ceiling
R Conduction through
CD s
Ceiling
TA Attic Air Temperature
Fig. 1. Mathematical Model
Discussion

The tesults obtained from the model are shown in Figures 2 and 3.
Figure 2 shows the variation of the ceiling heat flux with ventilation,
with different solar absortivities of the roof cover and emissivity of the
toof to the attic, for a ceiling thermal resistance of 0.17 m?.K/W (25 mm
of wood). Figure 3 shows the same for a ceiling thermal resistance of
2.0 m? .K/W (25 mm of wood and a 50 mm board of polyurethame). It can be
seen from both figures that the higher the solar absortivity, the more
pronounced is the benefit from the ventilation. With a thermal resistance
of 0.17 m?.K/W (Fig. 2), a reduction of emissivity was more effective than a
reduction in the solar absortivity, but with a thermal resistance of 2.0
m*. K/W it was the opposite in the natural ventilation range. Both graphs
show that the main part of the reduction in ceiling heat flux is in the
natural ventilation range. This agree with the conclusion of other workers
(2, 3, 4, 5) stating that forced attic ventilation is not worthwhile.

Conclusion

The increase in ceiling thermal resistance has been shown to be the
best way of reducing heat flow through the ceiling, but it is expensive and,
in low cost housing, generally not possible. Ventilation is not so
effective and it must be remembered that matural ventilation depends not
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Figure 3 — Variation of Ceiling
Heat Flux with venti-—
lation for different
absortivities (AB) and
Emissivities (E) in a
roof with ceiling
thermal resistance of
2.0 m? K/W

Figure 2 - Variation of Ceiligg Heat
Flux with ventilation for
different absortivities (AB)
and emissivities (E) in a
roof with ceiling thermal
resistance of 0.17 m2 K/W

but also on wind which is variable. However,

o e eion oo T mal performance of the

ventilation can still help towards 2 better th?r' " of the | eurs
roof and, what is more important, a greater ceiling heat flux redu N
in the range of natural ventilation, at no extra.cost. Tﬁus, n?tu;aVin
lation must be maximised during the spmmer, particularly in roofs having

covers of poor thermal quality.

Other simple solutions with a goo?‘cost—b?nefit r?lat}onshlpogazmaizse_
be used together with natural ventilat;o:.'thzgebzazﬁazgqizt: Ezsily gy ==
ment that will need some maintenavc?, ut i . pn i
owner of the house. Lower emissivity in tﬁe.attlc-has shown goo u

jeve this is to place an aluminium folI_on the underbsur ace
2;et§2yr§gfazzie:. This positioning of the foil §v01ds dust gthaifrzigces
the effectiveness of the foil (6)) and forms a cavity ?etween 1;sih.s -
the roof cover, so slightly increasing the thermal r§51st§nce 2 . lemgssivity
of the roof. Research is needed to study the deterioration o ow

materials used in this way.
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Re§ear?h is being continued by the authors on ventilation for attic
heat rejection. Experimental measurements are being done with an indoor
roof test rig of 2m by 4m in which all variables can be controlled.
Parallel work will be done on the mathematical model of this phenomenon
and more complex models will be compared with simple ones to analyse the
errors of simplifications.

Ackn?wledgement : Thanks are due to C.A.P.E.S. from Brazil for the
scholarship provided for R. Lamberts for this work.
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SUMMARY

R. Lamberts, D. Fitzgerald, W. Houghton-Evans, The Importance of Attic
Ventilation. Attic ventilation is compared with other means of ceiling
heat flux reduction in low cost housing. A simple steady state mathe-
matical model has been run with climatic data for a summer day of Porto
Alegre, Brazil. The increase in ceiling thermal resistance has proved
to be the best improvement, but it is expensive. The greatest proportion
in ceiling heat flux reduction is in the natural ventilation range and
forced ventilation adds little to it. As natural ventilation does not
imply extra cost, it is very important in low cost housing and should be
optimised. Further research is being carried on in an indoor test rig
to analyse the phenomenon in detail.

RESUME

R. Lamberts, D. Fitzgerald, W. Houghton-Evans, L'importance de la ventilation
de grenier. La ventilation des greniers est comparee avec d'autres moyens
de réduction du flux theknique au plafond dans les habitations 2 codt
modéré. - Un mod2le mathematique simple a été opere sur des données
climatiques d'une journée d'été a Porto Allegre, Brésil. L'augmentation

de la résistance thermique prouve étre la meilleure amélioration, mais
colteuse: La plus grande proportion dans la réduction de flux thermique

au plafond 'se trouve dans le champ de la ventilation naturelle, et la
ventilation artificielle y-contribue peu. Comme la ventilation naturelle
n'implique par de colt en plus, elle joue un rdle important dans l'habitation
a colt modéré et devrait &tre optimisée.

L'on poursuit les recherches sur une toiture en laboratoire afin d'analyser
le phenom2ne en détail.

KURZFASSUNG

R. Lamberts, D. Fitzgerald, W. Houghton-Evans, Die Wichtigkeit der
Dachstuhlluftung. Die Liiftung des Dachstuhls wird verglichen mit anderen
Wegen den Wirmefluss durch die Decke in das Zimmer in billigen H#usern zu
verkleinern. Ein einfaches mathematisches Model mit zeitunverinderlichen
Parametern wird mit den klimatografischen Tatsachen fiir einen Tag im Sommer
in Porto Alegre (Brasilien) beniitzt. Die Vergrdsserung des Wirmewiderstandes
der Decke ist eine gute Verbesserung, aber sie ist teuer. Der grdsste Teil
der Wirmeflusserniedrigung liegt im Bereich der natiirlichen Léftung.
Erzwungene Liiftung hilft wenig. Da natiirliche Liiftung keine weiteren
Kosten verursacht ist sie filr billige Hduser sehr wichtig und muss
optimisiert werden. In weiterer Forschung im Laboratorium wird diese
Erscheinung im Einzelnen studiert.




