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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Study on additional thermal resistance of windows with shading devices

Name: Sakuma Eiji

This paper focuses on thermal insulation performance of shading devices (for windows) such as
blinds or screens known for solar shielding, solar heat gain, or lighting as sunshades for

windows of houses and other buildings. It analyzes properties of materials used in various types
of shading device products and shielding surfaces and elements such as fit to the window frame
that contribute to improved insulation performance, and it summarizes the importance of energy

conservation from attaching shading devices to windows.

Chapter 1 covers the background and objectives of this study as a preface along with types of

shading devices and current status and issues in insulation performance.

Chapter 2 places a focus on improvement to window insulation performance by shading
devices in winter. Measurement was performed on the insulation performance (additional
thermal resistance) of windows with shading devices such as blinds or screens for 64 cases with
identical test devices and conditions. Tendencies were analyzed in terms of elements such as gap
in the opening, porosity of surface material, ventilation characteristics, and emissivity in order to

examine the elements of improved insulation performance.

In chapter 3, calculations are made according to ISO 15099 by conventional calculation
methods as opposed to the measurement of additional thermal resistance in chapter 2 in order to
make comparative analysis of test and calculation values of additional thermal resistance. In
verification herein, calculations were performed to find emissivity of each shielding material,
gaps with window frame and porosity of surface material for the main shading devices of
"venetian blinds ", "roller screens" and "cellular screens". For reference, the relation between

porosity and volume of ventilation was analyzed.



In chapter 4, thermal load by shading devices attached to the inside of window openings of a
model building was sought using a multi-room non-stationary thermal load calculation program.
This was done to evaluate contribution to building energy conservation of the additional thermal

resistance of shading devices calculated by tests.

Chapter 5 summarizes as a conclusion the study results and findings gained from this
research. It also organizes the issues that need to be overcome by future research and

summarizes the outlook for the future.



