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ABSTRACT

The paper discusses the possibility of offering thermal comfort, without inducing mechanical energy cost, in
new habitations, built in European style and situated in a hot and humid climate, by means of a construction
element : the Roof Solar Collector (RSC), which is made by using concrete roofing tiles on the outer side and
gypsum board on the inner one. With this RSC it is possible, on the one hand, to minimize the fraction of the
solar flux absorbed by the dwelling (insulation) and, on the other hand, to induce a natural ventilation which
allows thermal comfort. The influence of length and tilt angle of the RSC on the performance of the RSC is
studied experimentally. The results of the study, with regard to the natural ventilation of habitation, were that the
optimum length of roof solar collector must be shorter than about 100 cm and the tilt angle should equal 300.
The natural ventilation rate was about 0.08 - 0.15 m3.s-1.m2.
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INTRODUCTION

Among the problems of modern houses built in European style and situated in tropical countries, the most
important one might concern the heat accumulation under the roof structure making the rooms upstairs hot in the
afternoon.

In Thailand, the roofs are constructed by using iron structure and concrete roofing tiles (In our experiment we
used CPAC monier concrete tiles made by The Siam Cement Company LTD.) usually of dark color like red,
blue, and black which can absorb heat well. The lower beam uses concrete with iron foundation, supporting
wooden framing of the ceiling covered with microfibre. Due to solar radiation, the temperature of air within the
enclosure formed by the roof and ceiling structure will increase over the day and the stored heat is transmitted
into the interior through the ceiling. This leads to an uncomfortable feeling of warmth of the residents due to the
high temperature of the upper space in room.

By far the most effective means of "solar cooling” is to keep the sun's energy out of the building. This is most
effectively accomplished by shading the dwelling's windows, walls, and roof but most designs deteriorate
rapidly in many hot and humid climates. The other passive techniques such as thermal mass in buildings,
evaporative cooling, and radiative cooling cannot be advantageous in tropical countries because the mean daily
temperature is relatively high.

At temperatures below 349C, which is the average summer temperature in many hot and humid conditions, air
movement might be one of the most useful and least expensive methods to provide a comfortable indoor climate.
Air movement at a speed of up to 0.25 m/s (ASHRAE, 1973; Mcquiston et al. , 1977) goes unnoticed. The most
common way to create air movement without using mechanical power is to open window and allow breezes to
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blow into a building. However, the problem with this simple concept is that an open window can admit dust,
pollen, and dirt.

Many variations of "solar chimney" have been widely used in the past, and many are being developed today
(Al-hamdani et al. , 1988). Using the roof to act as a solar collector is also well known (O'Brien, 1984;
Choudhury et al, , 1988; Loveday, 1988; Benadi gt al, , 1993) but to make air change in habitation without
mechanical energy cost is a new undertaking. In this study we try to analyze the behavior of such a construction
element "the Roof Solar Collector" towards the natural ventilation of habitation.

The RSC comprises, mainly, two parts as shown in Figure 1. The upper one is made by using CPAC monier
concrete tiles and the lower one by gypsum board. The surface area of the RSC was considered equal to 2 m?2 (2
x 1 m) and the gap between roof and insulator was fixed at 14 cm. The lateral right and left sides of RSC are
made by using wood (200 x 7 x 2 cm) and iron in channel section (200 x 7.62 x 0.1 cm). They are covered with
aluminum foil and painted with dark red color. The ground structure made of iron allows us to adjust the RSC's
tilt. The characteristics and thermal conductivity of materials used are given in Table 1. The free inlet and outlet
surfaces areas were considered equal (0.14 x 1 m)
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Fig.1 Schematic representation of the Roof Solar Collector (RSC).

Table 1. Characteristics of materials used

Material Dimensions (cm)  Weight Thermal Conductivity
LxWxT) (kg/piece) (W/m.K)
[Measured]
CPAC monier concrete tiles 33 x42x 1.5 4.4 0.1463
(dark red)
Gypsum board 100 x 200x 0.9 2.2 0.0873
EXPERIMENTAL RESULTS

Testing the performance of the RSC was undertaken throughout different days corresponding necessarily to
different ambient conditions (Bunnag, 1995). Therefore, it was not easy to make a comparison between the
different results because of the various climatic conditions. However, a general and subjective conclusions could
be formulated.

In general, in the case in which radiation reaching the surface area of roof was constant, increasing the tilt angle
of the RSC would favor the natural air flowrate. In our study, the heat absorbed by CPAC monier concrete tiles

varied as a function of the intensity of solar radiation and of the tilt angle of the RSC. For o = 159, Figure 2 the
energy absorbed by tiles is maximum (For Bangkok, the optimum tilt angle for solar collector is equal to = 159).
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However, the vertical height is still smaller to increase the induced ascendant natural air. For ¢ = 450, the

energy absorbed by tiles decreased considerably which greatly reduced the natural air flowrate. Therefore o =
300, seemed to be a good comprise and leads to an optimum natural air flowrate.

Fig. 2
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of the roof solar collector at different times.

The Figure 3 shows the hourly variations of the average temperature of CPAC monier concrete tiles, air, and
gypsum board. It was found that beyond 100 cm the air temperature was nearly constant. Therefore, the air
located at the higher part of RSC (between 100 to 200 cm) was almost at uniform temperature. So that, the
temperature difference between the outgoing air from the RSC and the ambient air which induced the natural air
circulation was almost constant. This point and the variations of wind velocity, which helps to suck air from the
RSC, explained well the profiles of the natural air flowrate and the energy evacuated by the RSC shown in Fig.
4 and 5 at two positions, respectively.
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Fig. 3 Hourly variations of the average temperatures of CPAC monier
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Fig. 4  Hourly variations of the natural air flowrate by unit

area of the roof solar collector at two positions (o = 300 ; 19/9/94).
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Fig. 5  Hourly variations of the energy evacuated by the roof
solar collector at two positions (o = 300 ; 19/9/94),

We conclude that, for the natural ventilation of habitation, the length of the roof solar collector should be shorter
than 100 cm. The rates of natural air ventilation and energy removal by the RSC were about 0.08-0.15 m3 s
1. m-2 and 150-350 W.m"2, respectively.

The proposed system was also economical because there was no extra charge due to the fact that all its elements
are already used in construction of the new habitation.

By knowing the rate of ventilation demand, the number of RSC units could be estimated. The RSC units should
be installed in parallel. The joints of CPAC monier concrete tiles and gypsum board should be well sealed to
prevent any air leak and to avoid damaged by rain.
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