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ABSTRACT

An existing simulation program has been improved in such a way that it is now
possible to analyze the thermal behaviour of transparent insulated building
facades. The comparison of numerical calculations performed using this model
and of associated experimental investigations shows good agreement concerning
the system's thermal behaviour, maximum surface temperatures, and long-term
mean values. These calculations are based on the assumption that material
properties are known and that multi-dimensional effects caused by cold bridges,
frames, fans, etc. are describable with equivalent values of thermal properties.
Actually, even minor uncertainties regarding indoor air temperature are liable
to reduce the agreement of measured and predicted heat flow densities. As could
be verified by error analyses, these variances are however still remaining
within the range of measurement accuracy.

Another result of the comparison is that the characteristic heat gains achieved

by transparent insulated walls are strongly depending on the seasonal variations
in climate. In connection with heat gains through windows and internal heat gains,
the temporary gains due to the transparent insulation system are only useable to

a certain extent since they are obtained in times when they are not needed, as
well. This is the reason why results of calculations performed on wall construc-
tions using ideal boundary conditions are not implicitly transferable to real
buildings. With indoor climate conditions, user behaviour, and different thermal
zones in buildings varying widely, actually useable gains in buildings are not
necessarily predictable from numerical investigations of wall constructions.

INTRODUCTION

The numerical simulation program SUNCODE [1] is a general purpose thermal anal-
ysis program for residential buildings. In SUNCODE, the mathematical represent-
ation of the building is a thermal network with non-linear temperature dependent
controls. The mathematical solution technique uses a combination of forward finite
differences, Jacobian iteration and constrained optimization [1]. This program
allows not only to conduct an accurate thermal analysis of buildings, rooms and
building components, but also to quantify the energy gains of passive solar con-
structions. Special provisions have been made for the analysis of attached sun-
spaces and Trombe walls.

The data input used for improving the existing simulation code [1] has been pro-
vided from the research and development work carried out within the framework

of "LEGIS" [2], a project investigating transparent thermal insulation systems
in a series of detailed experimental analyses of test walls, test rooms, and an
entire test house.
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BRIEF DESCRIPTION OF THE PROGRAM

A thermal model of the building or of building components is created by the
program user. Subsequently it is translated into mathematical form by the program.
The mathematical equations are then solved repeatedly at time intervals of one
hour or less for the period of simulation. The program calculates the dynamic
performance of the building or building component in great detail and reports

the input quantities of energy and power that the heating and cooling equipment
must supply in order to maintain comfort conditions. Effects of long-wave or
infrared radiation transfer between surfaces in a room have to be regulated by
means of other parameters, for example surface coefficients. Shading of external
surfaces and windows is allowed by overhangs und vertical offsets. The program
also provides for sidefins and shading caused by faraway objects that obstruct
the skyline. Simplifying assumptions and approximations have been made through-
out the program, such as one-dimensional heat flow through each part of the build-
ing's envelope. Temperature dependence of material properties is described using
mean values. Time-dependent parameters or parameter-dependent material properties
such as transmissivity of transparent insulation layers are approximated by way

of effective mean values. The optical and thermal behaviour of windows and trans-
parent insulations or any layer of partially transparent material could be approx-
imated with a set of different parameters like e.g. U-value of glazing or layer,
shading coefficient, extinction coefficient, index of refraction, thickness of
layer and number of layers. Time-dependent parameters may also be scheduled to
describe additional night insulation or to allow for solar control during the
summer. Shading of only direct radiation is possible if the sun is obstructed by
the overhang or sidefins. Effects on interior thermal comfort conditions can be
studied either without heating and cooling devices or with equipment of specified
maximum capacities. Air change rates may be either constant, scheduled or tempe-
rature-dependent.

COMPARISON OF MEASUREMENTS WITH NUMERICAL CALCULATIONS

Results of experimental investigations of different transparent insulated test
walls [3] have been validated with numerical calculations [4]. Fig. 1 shows the
test wall in a schematic presentation and aiso the approximation accomplished in
the calculation model. The individual layers of the transparent insulation system,
including frames, are assumed as one equivalent homogeneous layer. Existing multi-
dimensional effects have been approximated in one dimension only (see Fig. 2).

experimental set-up numerical model
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airgap| argap

equivalent
insulation
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WY transmissivity of transparent weather protection
(of transparent insulation, respectively)

g™ ep” reflectivity
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a3, o surface coefficient exterior and interior
! Ag, Asp. Ap, AR, Ay thermal resistance layers
| interior exteri . s .
- Qw: Cw bulk density of wall and specific heat capacity
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) - B ' Apaq” equivalent thermal resistance of insulation systems

Fig. 1 Schematic presentation of the experimental set-up and of the numerical model
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The weather data input to the program was
supplied by measured hourly mean values of 20
solar radiation and ambient air temperature.
Fluctuation of surface coefficients has

been neglected. During measurements, the
room air temperature was kept constant at
20°C within an absolute accuracy of + z K
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Table 1 Comparison of measured and calculated data (mean values) for a transparent insulated
wall over a three-month period

difference

comparison measurement | calculation '
absoloute relative

[unit] [%]

solar irradiation [kWh/m2] 130.3 133.3 2.9 2.2

surface exterior 22.9 23.1 0.2 0.8

of wall [°C] interior 22.0 22.0 0.0 0

areal heat losses 5.40 3.62 1.77" 33

flux [kWh/im2] | surplus heat 17.35 19.14 1.78* 10

* An uncertainty of 0.2 K results in an uncertainty of heat flux of more than 2 kWh/m?

Further comparisons of measurement data obtained for one test room and a test

house show the same agreement if multi-dimensional effects of material properties
are taken into account.

CONCLUSIONS

The comparison of numerical calculations performed using the improved building
energy analysis simulation program SUNCODE with associated experimental invest-
igations shows good agreement concerning the system's thermal behaviour, maximum
surface temperatures, and Tong-term values. The calculations are based on
specified assumptions and simplifications of system parameters and material
properties, which is in fact a result of several years of experience gained in
investigating different transparent insulation systems. If material properties
are known this improved program allows calculations with an accuracy of + 1K
for the thermal behaviour of transparent insulated walls.
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