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Summary of Doctoral Dissertation

Title of Doctoral Dissertation :
A study on the simplified methodology for evaluating solar heat gain through fenestration for
the calculation of energy performance of buildings

Name : KOJIMA Teruki

In this thesis, a simplified calculation of the solar heat gain coefficient and a simplified
measurement for the verification of the calculation are summarized with a focus on the angular
solar characteristics of windows with shading devices in order to establish the simplified
methodology for evaluating solar heat gain through fenestration with high accuracy for the
calculation of energy performance of buildings.

In chapter 1, outlines of the background and the purpose of this study were described along
with the related previous studies and the position of this study.

In chapter 2, a simplified outdoor measurement method of the solar heat gain coefficient with
natural sunlight was described. This method was adopted a heat flow measurement not by
calorimeter which was used in related previous studies but by heat flow meter which was used
in the laboratory measurement established by Dr. Kurayama. Although his measurement was a
method for the normal irradiation of the artificial light, the measurement suggested in this study
was improved in a method for the angular solar radiation. Overview of a developing
measurement system and the principle were explained. Solar heat gain coefficients both of the
only glazing and the glazing with simplified shading device (roller shade) or with complicated
shading device (venetian blind) were measured by the developing system under natural sunlight
of outdoor. Comparisons of solar heat gain coefficients between the simplified measurement
results and the detailed calculation results (JIS A 2103) were shown. In near future,
experimental angular solar heat gain coefficients of window with shading device that are
constructed in the complicated geometry for the calculation (e.g. curtain or insect screen) can be
obtained by the developed measurement system.

In chapter 3, a simplified calculation method of solar heat gain of windows with shading
devices was described. In a detailed calculation method of the solar heat gain coefficient of
windows and doors (JIS A 2103), solar heat gain coefficients of the entire window including
glass, frame and shading device (e.g. screen and blind) can be evaluated in detail. However, it
has to be calculated both optical multiple reflection through the fenestration and iterative
convergence between temperature and thermal resistance in gaps. Although it can be realized in
theory, it is not realistic to adopt in thermal loads simulation. In the calculation of solar heat
gain of the fenestration in domestic thermal loads simulation programs for buildings, angular
solar heat gain are transformed from normal solar heat gain by the function of solar incident
angle that explains angular solar characteristics of clear float glass of 3 mm. In addition, in the
building energy efficiency regulation, although angular solar effect of the glass is considered,
the effect of the shading device is not considered. Therefore, the following issues were mainly



studied using calculated results of the solar heat gain coefficient according to detailed
calculation (JIS A 2103):

1) Concerning glass, IGUs tend to be multilayered in order to obtain high thermal
transmittance, recently. Effects of multilayered IGUs on the angular solar characteristics of
glass were studied. A simplified calculation method of hourly solar heat gain through
window that was organized at number of layers and type of glass was suggested by the
relation between normal and angular solar heat gain coefficient/solar transmittance. In
addition, the accuracy of proposed models was showed using comparison of solar heat gain
of windows between detailed and simplified calculation;

2) Concerning shading device, Effects of profile angle of the venetian blind on the angular
solar characteristics of shading device were studied. A simplified calculation method of
hourly or daily/monthly/seasonally accumulated solar heat gain through window with
shading device was suggested by the relation of solar heat gain coefficient/solar
transmittance between window with shading device and without shading device. In
addition, the accuracy of proposed models was showed using comparison of solar heat gain
of window with shading device between detailed and simplified calculation.

By means of the suggested calculation method, the solar heat gain coefficient that is

considered angular solar characteristics of the shading device can easily be adopted to the
thermal loads simulation programs for buildings or the building energy efficiency regulation.

In chapter 4, comparisons of accumulated thermal loads or hourly thermal loads which were
averaged over each month in the building between the previous model and suggested models
that were adopted the simplified calculation of solar heat gain coefficient/solar transmittance
shown in Chapter 3 were described. Effects of angular solar characteristics of glass/shading
device on the thermal loads simulation for buildings were analyzed. In particular, following
cases were compared:

1) In the case the function of solar incident angle that explains angular solar characteristics of

clear float glass of 3 mm (previous case);

2) In the case the effect of angular solar characteristics of the glass is considered;

3) In the case the effect of angular solar characteristics both of the glass and the shading

device is considered.

In chapter 5, the results of this study and future works regarding thermal performance of the
fenestration were summarized.



