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m CE H Study on Reduction in Solar Heat Gain by Natural Ventilation of a Roof Cavity

(E'Z 1,200FRE)

Many factories exist in South-East Asia which were built with corrugated asbestos cement boards|
during the rapid industrial developmental period which occurred several decades ago. The typical structure
involves a single roof, which spreads widely and has a relatively low inclination. In such a building, the heat,
transfer characteristics of the roof have strong influence on the thermal environment and thermal load
beneath it. In particular, the solar irradiation of the roof out-weighs the cooling load substantially, making
the work space below unbearably hot, causing a reduction in work efficiency and precision.

These buildings have become aged and require expensive maintenance and repair work. Instead of]
repairing the roofs, roofers are developing measures to cover them totally with folded thin metal plates.
When an old single roof is covered, a cavity is formed between the old roof and the new cover. If this cavity
was to be ventilated, it would favorably stop the penetration of solar radiation and thus reduce the heat in
the work space. The merits of this technique go beyond heat reduction. When an asbestos cement board is
weathered, the cement component is removed from the surface, which results in the disintegration of]
dangerous asbestos fibers which are dispersed into the atmosphere. When an asbestos cement board is
covered, such weathering is stopped.

In terms of improving the thermal environment of building and reducing cooling power consumption, it
is more viable to prevent heat transfer through building claddings than to evacuate the heated air by way of
cooling installations. This holds true concerning the initial investment and is also favourable considering the
long-term expense. As a result of the recent warming of the global atmosphere, industrial buildings which|
require cooling in summer are beginning to appear in areas of higher latitude. In this study the heat]
dissipation performance using natural ventilation of a cavity roof was examined experimentally and|
numerically for practical application. The program will be applied to evaluate the influence of natural
ventilation on the improvement of thermal comfort and cooling load reduction of a factory.

In the experimental work a cavity model heated at the upper surface to mimic solar radiation on a roof
was built and tested. The inclination angle, heat production and size of inlet and outlet openings were
varied. The upper and lower surface temperatures, and the air velocity and temperature profiles were
measured. It is shown that by adjusting the inclination angle of the roof and providing a large opening of the
cavity, the induced airflow reached remarkable gains to reduce temperature rise in the cavity. Hence, the
transmitted heat into the space beneath it could be reduced.

A simulation program was developed to calculate the heat and air flow in the cavity from the measured|
surface temperatures. The simulated air velocities and temperatures were compared with the results from the
experiments. The viscosity of the air and the heat transfer coefficients were modified to cope with the wide
range of experimental conditions. This simulation could predict the heat transportation as a result of natural
ventilation within a deviation of 15% in most of the measured cases with minimal time required for
calculation. Using the logic used in this simulation, then the further simulation work was developed to
discuss the effect of cavity ventilation on the operative temperature of the occupied zone in the factory.
Comparisons were made between factories with a cavity roof and a single roof in the Japanese climate. The|
cavity roof was superior to the single roof in lowering the operative temperature by about 4.4°C. When the
factory was air conditioned, the cooling load reduction reached approximately 50% during the summer to|
maintain an operative temperature of 26°C. A naturally ventilated cavity roof has excellent potential for
improving the indoor thermal environment and energy savings of factory buildings without complicated
cooling installations and life time power consumption.




