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The purpose of this study is to present a method which predicts the outdoor and indoor
thermal environment at a house having a direct gain system and to show that it is possible
to make the thermal environment of the house in an urban district comfortable by using the
presented method.

First, the potential of a introducing a direct gain system to a house is examined using the
outdoor thermal balance simulation in summer and winter at an actual urban district that
has a vacant lot. The simulation results clarify the site and building conditions need to
introduce a direct gain system to a house such as the effects of shading by surrounding
buildings.

Next, in order to predict the performance of direct gain system considering the thermal
radiation environment, a numerical simulation method is developed. In the presented
method, a ray-tracing method analysis on the external surface, which is used in the previous
method, is applied to the internal surface. The method enables to predict the effect of spatial
distribution of direct solar radiation on the floor on a room air temperature.

After that, as an error factor of the present method, spatial resolution size of calculation for
direct solar radiation are checked. The result shows that the error is within the allowable
ranges for predicting the room air temperature compared with the previous method. Then
sensitivity analyses of the outdoor and indoor design factors, such as the position of trees and
thermal storage floors, are studied.

Finally, house designs considering the outdoor and indoor thermal environment are
proposed in the actual urban district. Then their thermal environments are evaluated by the
presented method and, the positions of trees, windows, and thermal storage floor in the
proposed designs are compared. As a result of the comparison, it is revealed that the proposed
design keeps a room within a comfortable air temperature range and improves the outdoor
thermal radiation environment.
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Prediction of the outdoor and indoor thermal environment for a house having a direct gain
system
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