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total time should be within the acceptable temperature range, is used 
to evaluate indoor thermal comfort as in Figure 2. Thermal comfort is 
the mental state that shows satisfaction with the thermal environment. 
It is evaluated based on the ASHRAE Standard, which points out that 
in a neutral environment (i.e. wind speed lower than 0.2 m/s, indoor 
humidity of 50%), the comfortable temperature range during winter is 
20-24°C and that during summer is 24-27°C. However, this standard is 
influenced by individual activities, clothing and outdoor temperature 
and humidity. Therefore, inhabitants living under natural ventilation 
are more likely to accept a wider temperature range, combine indoor 
comfortable temperature with outdoor temperature, and define 80% 
and 90% acceptability limits as satisfactory temperature range. On the 
basis of an experimental analysis, the aforementioned range is the range 
of thermal comfort, and any point outside this range will cause thermal 
discomfort. In the current experiment, the total time of indoor thermal 
comfort of a building with natural ventilation is used as the test datum, 
and the satisfactory range for 90% acceptability of the inhabitants in 
ASHRAE Standard 55-2013 is adopted as the acceptable temperature 
ry 
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of the original building indicates that the major factor that influences 
indoor thermal comfort is the excessive accumulation of solar radiation 
through the facade, particularly through the external window, as 
shown in Figure 5. On the basis of the building orientation and using 
unchanged functions, optimization design is implemented on elements 
of the typical floor facade, as shown in Figures 6 and 7. Optimization 
design includes replacing the common single glass with Low-E double 
glass for the external window, adding horizontal shading devices to 
the vertical shading devices, forming integrated shading devices and 
replacing facade materials to decrease the heat conductivity coefficient.

Passive Design Strategy on the Façade
The aforementioned simulation analysis of the original building 

indoor thermal comfort shows that heat that causes indoor thermal 
discomfort is mostly due to direct solar radiation through the facade. 
The optimization of passive design can effectively improve the heat-
insulating performance of the external part of the building. The 
influence of indoor overheating due to direct solar radiation on indoor 
thermal comfort can be enclosed and reduced.

Changing window glass type

The original building uses a common single glass, which is similar 
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