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Thermal Performance of a Building in Warm Regions
Performance thermique d’'un batiment dans les régions chaudes

Thermisches Verhalten eines Gebaudes in einem warmen Klima

H.J. COWAN
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Sydney, Australia

Dr. Henry J. Cowan graduated in
civil and mechanical engineering
from Manchester University. He is
an Honorary Fellow of the Royal
Australian Institute of Architects,
a former Dean of Architecture, and
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SUMMARY

The structure can be utilized for sunshading and for thermal storage at a small additional cost. This
may be regarded as a passive form of using solar energy, and it should result in a substantial saving of
energy. |f in addition careful attention is given to daylighting and ventilation, it may be possible to
avoid the use of air conditioning in buildings where it would otherwise be needed.

RESUME

La structure peut étre utilisée comme pare-soleil et comme accumulateur thermique a peu de frais.
Cette forme passive d’utilisation de |'énergie solaire entraine une économie d'énergie considérable. De
plus, si |'éclairage et la ventilation sont réalisés correctement, il peut étre possible d'éviter une clima-
tisation dans des batiments ol elle serait normalement nécessaire.

ZUSAMMENFASSUNG

Die Gebéaudestruktur kann mit kleinen zusatzlichen Kosten fur den Sonnenschutz und fir die Warme-
speicherung genutzt werden. Mit solch passiver Nutzung der Sonnenenergie kann eine betrachtliche
Energieersparnis erreicht werden. Wenn dabei sorgfaltig auf den Tageslichtbedarf und die Luftung ge-
achtet wird, kann auch in warmen Klimazonen auf eine Klimaanlage verzichtet werden.
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1. INTRODUCTION

The structural requirements for the design of air-conditioned buildings in the
tropics and subtropics are essentially the same as for buildings in the
cool-temperate zone: the fabric, including the windows, should be well-insula-
ted, and air-leakage through the windows should be minimized.

However, air conditioning is not economically feasible for many buildings
because of the additional capital and operating cost, and some people prefer
the diurnal change of temperature, particularly in their residences, to the
steady state of air conditioning. In developing countries, maintenance of the
air conditioning is a problem, and there may be restrictions on the use of
energy.

This paper discusses the design of non-air-conditioned buildings for the
tropics and subtropics, and its interaction with the structure of the building.

2. SUN SHADING AND THE STRUCTURE OF THE BUILDING

In a narrow region near the equator the temperature never drops to the level
where heating becomes necessary, or even desirable. In that case sun shading
need only ensure that sunlight penetration is prevented, although it is still
necessary to avoid overshading which Timits daylight (Section 4).

In a much Targer region excessive summer temperature co-exist with winter
temperatures which are too low for comfort. The need for heating can be
reduced, or even eliminated, if sunlight penetrates into the building. Thus

the sunshade must be neither too small to allow sunlight penetration during

the "overheated" period of the year, nor too small to prevent sunlight penetrat-
ion during the "overheated" period of the year, nor too large to prevent
sunlight penetration when it is beneficial. The movement of the sun is the

same for two cities with the same latitude, and it is symmetrical about the
solstices. The overheated period, however, depends on local weather conditions,
and it varies from city to city, although it generally occupies more days in

the autumn than in the spring. A frequently used criterion is an external

shade temperature of 21°C (70°F), which would produce overheating of the
interior without sunshading.

Using a suitable spherical projection, the movement of the sun can be plotted,

and the overheated period can be drawn on the same diagram. The sunshading

and the sunlight penetration can then be determined by graphics or by the

use of a shading mask. Alternatively, models can be tested with a sun-machine,
such as a heliodon or a solarscope, or a computer program can be used. These

methods are described in a number of books (For example, Ref. 1, pp. 41-52).

It is desirable to place sunshades outside the windows; they are more effective
if the sun cannot penetrate the window glass, even the outer pane of a double-
glazed window. However, external sunshades form a prominent feature of the
facade, and their appearance requires the most careful consideration.

Sunshading and sunlight penetration should therefore be considered as part of
the aesthetic concept of the building. The structure also has a dominant
influence on aesthetics. The two should form part of a unified design concept.

The sunshades can be integrated with the structure to save structural material.
Horizontal sunshades can be provided by a cantilever projection of the floor
slab, which reduces the maximum bending moments in the slab. Vertical sun-
shades can be utilized structurally to reduce the column loads.
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There are also functional advantages in using a cantilevered floor slab for
horizontal sunshades, because this provides a balcony (or at least a platform
for cleaning windows where only a small projection is required in tropical
Tatitudes), for a facade facing south (in the northern hemisphere).

Vertical sunshades are needed if the facade departs significantly from a
southern exposure (in the northern hemisphere). This applies particularly to
a western, or partly western exposure, because the overheating occurs mainly
in the afternoon.

3. THERMAL STORAGE

In climates where the temperature is both too hot and too cold for thermal
comfort at some time of the day or night, the heat or coolness can be stored,
and released several hours later to create a more comfortable temperature.
This use of thermal storage was already known in antiquity, and it is
utilized in several types of vernacular construction (Ref. 1, pp. 12 - 17).
This method of utilizing solar energy is called "passive solar energy", and
it received much attention after the energy crisis of 1973, particularly when
it became clear that "active solar energy" (using solar collectors or photo-
voltaic cells) was rarely economical for heating or cooling buildings.

There is a substantial literature on passive solar design (for example Ref. 1,
pp. 88 - 96). It has so far been treated as entirely separate from structural
design. However, the structure can be utilized for thermal storage, the design
of the building can thereby be simplified, and material can be saved and the
dead load reduced.

The simplest method of passive solar design is the "direct gain" method.
During that time of the year when heating would normally be required in the
evening and at night, sunlight is allowed to penetrate through a large window
by a suitably designed sunshade, and heat up the floor (or sometimes a wall).
The floor should not be insulated by a carpet, but should be bare concrete
(if that is acceptable), or covered with a hard surface, such as tiles, stone
slabs, or terrazzo. The heat stored is released when the temperature falls,
and this may be sufficient to heat the room adequately during the late after-
noon and the evening. The effectiveness of this method depends on the thermal
storage capacity of the floor. Evidently a thick structural concrete slab
(for example, a flat plate) can provide this storage economically.

The thermal storage capacity can be increased if the heat is pumped into a
store, and then pumped back into the room when it is required. The capital
cost of the pump must be offset against the energy saved. In most passive
solar buildings the heat store consists of an underground pile of crushed
rock. However, the concrete structure of a building could be utilized
instead, if the concrete floor is made with hollow-core blocks, or if pipes
are cast into the slab.

Another effective method of thermal storage is the "Trombe wall", a thick wall
of concrete or brick behind a large window, with a small air space between the
two. This window, requires a sunshade to protect it from thermal radiation

at certain times of the day or year (Ref. 1, pp. 90 - 91). The massive Trombe
wall has appreciable load carrying capacity (which could be enhanced by
suitable reinforcement), but this is rarely utilized. It should be possible
to design a structural system that relies mainly on the load-carrying capacity
of Trombe walls, if a passive solar design is used; a simple analogy is the
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structural use of the reinforced concrete service core in buildings.

The thermal process can be reversed by storing coolness collected during the
night, and releasing it during the day. However, this is less effective than
heating, because of the smaller temperature differential available in most
climates.

4. SUNSHADING AND DAYLIGHT

In the tropics and subtropics the length of the day varies much less than in
the temperate zone, and many buildings are thus occupied only during the
hours of daylight. It is then possible to confine electric lighting to
general background lighting, and emergency lighting, if the building is
designed to admit adequate daylight.

Sunshades exclude not merely heat, but also light. However, the luminance of
the sky increases as the latitude decreases, and reflected daylight provides
adequate illumination; otherwise we would not be able to read in a room if we
could not see the sky through a window.

The design of sunshades should therefore include an analysis of the reflection
of daylight from the various surfaces, including the soffit of sunshades.
Those required for reflection should be treated accordingly. A durable
reflective finish for structural concrete is provided by white cement and/or
exposed white aggregate. White paint is also a good reflector of daylight,
but it must be renewed periodically.

5. TASK LIGHTING AND TASK VENTILATION

Most office and factory buildings need at least some electric light because of
the depth of the rooms. At present this is generally provided by uniformly
spaced Tuminaires which give a constant level of lighting over the entire room.
Both fluorescent lamps and incandescent lamps produce heat as well as light;
the ratio of heat to light is higher for the latter. In cold weather the heat
is useful, although it can be more efficiently produced by other means. In
hot weather it has to be removed. It is a major source of the heat load for
an air conditioning system. In buildings without air conditioning the removal
of the heat due to the lamps can be very difficult. The heat load is greatly
reduced if task lighting is used in conjunction with low-level uniform electric
lighting, or even in conjunction with daylight only.

Task lighting requires planning of the operation of the building, when work
processes are altered.

Task ventilation by the use of ventilators, strategically placed near each
task, also requires careful planning of the operation of the building, and
provision for the relocation of the ventilators when work processes alter.

7. CONCLUSION

The recommendations made for the utilization of the structure to provide sun-
shading and thermal storage are equally applicable to developed and developing
countries. The cost of the structure is increased by making it perform the
additional functions, but this will often result in a substantial saving of
energy.
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The elimination of the need for air conditioning is of particular value for
developing countries. Apart from saving initial and maintenance cost in a
country with Timited resources, it provides a better building. Air-conditioned
buildings frequently become unusable if the system breaks down. In many
developing countries one should allow for the failure of the electricity

supply, or a breakdown of the equipment due to inadequate maintenance or a
lack of spare parts.
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Building Envelopes in “High Insulation Technology’”

""Haute isolation thermique’ pour les fenétres et facades
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SUMMARY

The main features of “High Insulation Technology’’ are presented. The extremely low values of the
coefficient of heat transfer for windows completely change the comfort conditions as well as the energy
management. Results from measurements in occupied rooms are presented and future perspectives
discussed.

RESUME

Les principes de la ""Haute Isolation Thermique’ pour fenétres et fagades sont présentés. Les valeurs
trés faibles du coefficient de transmission thermique pour les fenétres influencent beaucoup les condi-
tions de confort et le budget énergétique d'un batiment. Les résultats de mesures dans des locaux ainsi
que des développements possibles sont présentés.

ZUSAMMENFASSUNG

Die Prinzipien der “Hochisolationstechnologie” fur Fenster und Fassaden werden vorgestellt. Die
extrem tiefen Werte des Warmedurchgangskoeffizienten fir Fenster haben weitreichende Konsequen-
zen sowohl fir den Komfort als auch fir den Energiebedarf und die Haustechnik. Diese werden anhand
von Messungen in realen Raumen diskutiert.
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1. INTRODUCTION

The two companies: Sulzer Bros, Heating and Air Conditioning Division and
Geilinger Ltd, Metal Work Division, both located at Winterthur (Switzerland),
have been doing research and developmental work for better energy- saving solu-
tions in the area of building envelope and HVAC-systems since 1978.

The analysis of energy use in conventional buildings led to the following

conclusions:

1. Most of the energy is used for heating and/or cooling.

2. This is done through the HVAC-system in order to guarantee comfort for
the inhabitants.

3. That is so, because the building envelope itself does not suffice for
this job.

4. A substantial improvement of the building envelope should result in
less energy use and smarter and more economical HVAC-systems.

The reaction to the oil-crisis, the super-insulation and the passive solar
"waves" both intended to reduce the energy demand, but partially at the cost
of human comfort. They both yielded a certain reduction but still remained far
from a real breakthrough. Moreover, both had severe drawbacks [1,2]:

Too small windows

- High sensitivity to the care of the workmen on the
building site.

- Condensation and air leakage, air quality problems.

Super insulation:

Passive solar: - Large temperature- and power swings.
- Severe restrictions of the internal freedom in order
to keep the storage material accessible.
- Almost no use of the north side (only side with no
glare problems).
- Heavy discomfort at cold and dull days due to draught
from large windows etc.

In all these cases, the window plays the key role: for daylighting, for
draught, for gain and for loss.

For a breakthrough, we concluded a window to be necessary that will no more
need any HVAC-installations in its vicinity to compensate for comfort and that
will of course transmit enough daylight.

Investigations in one of our companies showed, that the minimum value for the
inner surface temperature should not be lower then about 3° C below mean air
temperature, to avoid draught and asymetric radiation cooling. This temperature
drop is given by

U
AQ\G_: '1r b'll’?o

U : U-value h,: inner surface coefficient
thus, to keep it w11h1n 3° C the U-value must be

U< 0.68 W/méK

for 1%>15 ® C. Hence we had to develope such windows.
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2. HIGH INSULATION TECHNOLOGY

In order to create a well-balanced window system of very low thermal transmit-
tance, new design principles had to be developed for the glazing as well as for
the sealing and the framing.

2.1 HIT-Glazing

The three mechanisms of heat transfer between two glass panes: conduction, con-

vection and radiation had to be minimized simultaneously. This was done by:

- augmenting the overall air gap to 80-90 mm,

- subdividing this gap into three parts by means of two panes or suspended
films,

- coating the surfaces with infrared reflecting coatings.

Although this set-up could be realized with coated glass panes as well, we
decided for reasons of weight, price and also transport and storage volume to
use suspended polyester (PET) films with heat mirror coatings: HEAT MIRROR
(TM). The suspension technique allows an independent, durable and wrinkelfree
suspension of the films and is protected by patents (figure 1). Of course we
have developed computer programs for the heat transfer in such stacks in order
to optimize the set-up: emissivities, position of the films, and to determine
the properties with and without solar irradiation: U-values, solar and luminous
transmittances, temperature of the films etc.

The thick air gap must be vented to the outside to avoid breakage by thermally
induced pressure differences. The pressure equalization goes through a protec-
tive filter, which keeps humidity and air pollutants out. The service period of
this replaceable filter will be at least 3-5 years according to our experience.
In addition, the replaceable filter yields a repairability of the window in
contrast to the "all or nothing" insulating glazings. It makes the window much
more robust and tolerant to rough hand11ng

Beside the low U-values of 0.6 W/méK (even 0.5 in a combination with one coated
glass pane), the HIT-S glazing reaches values of up to 63 % for the luminous
transmittance and 50 % for the total solar energy transmittance (42 % radiative
direct, 8 % at the surface) (all values for perpendicular incidence). This
values can be lowered by the combination of different available coatings to
meet sun protection needs. They also show a high selectivity ©/g = 1.26 com-
pared to ordinary glass panes with 1.08. Arbitrary combinations with roller
blinds, stores or reflecting glasses are possible.

2.2 HIT-Framing and Sealing

To avoid the well known thermal short-cuts in the sealing of insulating glaz-
ings [3], we made the sealing to be the framing. Thus the glazing and the fram-
ing became an integrated and rigid unit without thermal short cuts. The thick
framing allows two rigid metallic parts to be separated by a thick insulating
zone, which also conta1ns a water vapor barrier. This design yields local U-
va1ues of 0.9 W/mlK for the framing (figure 1).

The above mentioned filter is integrated into the framing and can easily be re-
placed within a few minutes by unlocking two screws.
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Figure 1: Schematic cross .
section through HIT-glazing _ Insulation
(1ower part) and framing. Aluminum

One further advantage of this integrated and thermally broken design is the
high sound insulation of more then 45 dB (measured at the building).

Figure 2 demonstrates the ordinary appearance of a HIT-S-window installed at
the LESO test Building of the Federal Institute of Technology at Lausanne.

Figure 2: Outlook through
a HIT-S-window at the LESO
test building.

3. RESULTS
We have tested this new technology in many different ways:

- accelerated thermal, mechanical and UV-radiation tests of the film material
in the lab,

- accelerated corrosion tests of the coating and the films in the lab,

- field tests of the suspension technique since 1979 at many different loca-
tions, up to mountain huts at 2500 m above sea level,

- 22 windows in the Sulzer Energy House since March 1981,

- 3 test windows in the restaurant on the Jungfraujoch at 3500 m
above sea level, instrumented and measured through the Swiss Federal Insti-
tute for material Testing (EMPA) since March 1982,
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- 6 windows in an occupied and fully instrumented test office at the LESO test
building [5] of the Swiss Federal Institute of Technology at Lausanne since
November 1982 in a research project sponsored by the Swiss Energy Research
Foundation (NEFF).

The experiences in these tests are very good and let us expect a life time of
at least that of usual insulating glazings.

Figure 3 shows some measured temperatures during a cold and cloudy week on the
Jungfraujoch for the HIT-S as well as for a double glazing as reference. It
clearly demonstrates the superiority of the HIT-S, as even in the joints
between glazing and framing the temperature never falls more then about 3-4 ° C
below air-temperature. The Jungfraujoch represents a very valuable test site
with large temperature swings down to -30 ° C, wind velocities of up to 200
km/h and a rapidly changing very intensive solar irradiation of up to 1200 W/m2
and a high UV-part.

s jungfraujoch (3500m a. sea level) 25.-30. Nov. 1982
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Figure 3: Temperatures measured on a HIT-S window at the Jungfraujoch by the
Swiss Federal Institute for Material Testing in November 1982.

The measurements at the LESO by flux meter (during one week) and by the energy
balance over some weeks gave

U-values of 0.59+.03 W/m2K and 0.65+.08 W/m2K [4]

respectively. The completely measured energy balance of an office of 36 mé
floor and 92 m3 volume is shown in table 1 as an example for one cold and
cloudy week from February 14 to 21 in 1983. The values are measured for the
HIT-S at the south-side and compared by analog calculations with double and
triple glazing and the north side. The results clearly show, that the net
losses are mainly compensated by internal sources, allmost all the time on the
south and even mostly on the north side. In fact a small heating had mainly to
compensate for the additional losses through the ceiling and one outer wall,
because the office was located in a corner of the building. A complete report
on this measurements over one year at the LESO will appear in summer 1984.
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Table 1: Mean Power of Gains and Losses through 22.5 mZ of Curtain Wall
including 9 m2 Glazing.

Date: 2/14 - 2/21/1983, LESO Test Building, Lausanne _
Weather: Mean a7 = 22.8° C, Sun South Q = 8 MJ/m2d Sun North § = 2.1 MJ/m2d

Mean Power of

South Gain Loss Net Loss
HIT-S (measured) 274 W - 304 W - 30 W ***
Triple Glazing (calc) 390 W - 670 W - 280 W
Double Glazing (calc) 481 W - 846 W - 365 W
North

HIT-S (calc) 74 M - 304 W - 230 W ***
Triple Glazing (calc) 105 W - 670 W - 565 W
Double Glazing (calc) 130 W - 846 W - 716 W

Values: U: 0.6 / 2.2 / 2.8 W/m2K, solar energy transmittance averaged over
hemisphere for diffusive irradiation: 0.33 / 0.47 / 0.58

% [°c] Fs Wim3
s} 100
0 , |t
2 4L 6 8 1012 18 20 22 24 [
-5 L
P[W] — '_L
[ _!- | | i PinTERNAL
| ,[;Gm.%@l [-——' |
IGHTING
500 f ! _ NETLOSS
| ‘ L -~ oy
| </avin
! i, i t

2 4L 6 8 10 12 W% 1B 1B 20 22 24 [y
Figure 4: Power need for same office as in table 1. Two men, lighting: 20 W/mZ
in 3 levels, ventilation: night: n = .zh-1, day: n = 1h-1
(heat recovery with‘q =70 %).

The curves in figure 4 (calculated for the same office as in table 1) for a
cold and dull day demonstrate the important change in the energy management:
during the whole day, the internal sources, together with the low solar
irradiation have more power then it is needed for the compensation of the
losses, even at the north side. This yields a small temperature rise even at
such a day, giving a reserve for the night. The net heating energy for this day
(24 h) turnes out to be 9.5 MJ compared to 52 MJ with a double glazing. Sun and
internal sources cover 77 % (double glazing 41 %) of the energy need.
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During automn and springtime, no energy is needed for heating or cooling: heat-
ing is completely covered by the internal sources and the sun and to much sun
can easily be compensated by free cooling or natural ventilation through the
open windows.

The reduced solar transmittance and the relatively thick framing act as sun
protection in summer. Together with the low U-value (now acting in the reverse
direction), they allow a substantial reduction of the cooling load. Moreover,
the high attainable selectivity of up to%/g = 1.6 (T= 0.29, g = 0.18) allows
low power for the artificial lighting.

4. CONCLUSIONS

The results shown demonstrate that

- there is no necessity for heating installations in the vicinity of the
window, comfort is maintained without additional measures,

- most of the energy need for heating is covered by the solar gain and the
internal sources on the south side as well as on the north side and even on
cold and dull days,

- in order to keep all losses low and air quality high, the use of a mechanical
ventilation with heat recovery is recommended but not necessary. It can also
be used for heating purposes because of the lTow power densities.

Thus, the main feature of this new technology is a reduction of the power
amplitudes for heating as well as for cooling. The availability of different
coatings on film and on glass allows custom-built windows for the specific
situation and climate.

We are building now (spring to summer 1984) a commercial building at Geneva
with about 2500 m2 of HIT-S windows. We found that the additional costs of the
new windows were approximately compensated by the reduction of the HVAC-system.
Therefore the pay back time becomes zero and the improvement of comfort and the
saved energy are a net profit for the owner.
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SUMMARY

This paper describes a procedure to determine characteristic values of thermal loading with a known
return period for the design of concrete roofs and presents evidence for the viability of the approach.
As illustration, design charts prepared on normal probability paper are presented for two roofs of
different construction in two diverse Australian climate regimes.

RESUME

L'article décrit une méthode de détermination des caractéristiques des sollicitations thermiques en
fonction de la fréquence d'apparition de celles-ci pour le calcul des toits en béton et prouve la validité
de cette méthode. Comme exemples d’'application, des diagrammes sont présentés pour deux toits
différents dans deux diverses régions climatiques d'Australie.

ZUSAMMENFASSUNG

Ein Verfahren fur die Ermittlung von Bemessungswerten fur die thermische Beanspruchung von Stahl-
betondachern in Abhangigkeit von der Auftretenshaufigkeit wird beschrieben. Die Gultigkeit eines
solchen Verfahrens wird nachgewiesen. Als Anwendungsbeispiele werden Bemessungsdaten auf nor-

malem Wahrscheinlichkeitspapier flir zwei unterschiedliche Dacher in zwei verschiedenen Klimagegen-
den Australiens dargestellt.
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1. INTRODUCTION

In many parts of the world thermal loading from solar radiation is a
significant component of the total loads on a structure. For Australia,
Campbell-Allen [1] reports that temperature related effects are responsible
for 21% of cases of distress to concrete buildings.

While design guidance is available for the thermal loading of concrete bridges
[2], this is not the case for concrete roof slabs. An international code [3]
on temperature actions is in preparation. However, with the introduction of
limit state codes there is a need to evaluate characteristic values of thermal
loading with a known probability of occurrence in the same way that
information is currently available for wind loads.

This paper describes a procedure to determine characteristic values of thermal
loading for the design of concrete roofs and presents evidence for the
viability of the approach. As illustration, the paper concludes by presenting
design charts for two roofs of differing construction in two diverse
Australian climate regimes.

2. THE PROCEDURE

Thermal loading is a function of climate and is extremely variable, showing
daily and seasonal variation as well as geographic diversity. As a basis for
computing characteristic design loads short term experiments may be
unrepresentative. The procedure described here brings together, short term
measurements, theoretical models, and the long term records of the weather
bureau.

Firstly, a theoretical heat transfer model is established which can compute
the daily temperature variation in a roof slab from its material properties
and standard meteorological data. The model is then calibrated from field
measurements so that its accuracy is known for a range of meteorological
conditions.

Temperature variations in the roof are characterised by two loading parameters
for structural design. The in-plane movement of the rcof is a function of the
effective temperature, Tg, where

L (EATa) (1)
Z(EAa)

and bending is a function of the fully restrained thermal moment, M, , defined
as

MO = I (EAaTy) (2)

In equation (1) and (2) the concrete roof is assumed uncracked and composed of
a series of layers. Each layer of cross-sectional area A is assumed to be at
uniform temperature T. The centroid of the layer is a distance y from the
centroid of the whole slab. For each layer o is the coefficient of thermal
expansion and E is the Young's Modulus. If the degree of structural restraint
is known then any deformation or thermally induced stress can be evaluated

from Tg and Mp by the usual methods of structural analysis.
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Using the calibrated theoretical model, daily extremes of the loading
parameters are computed for everyday of the complete weather record available
for a locality. Statistical analysis of this daily data shows the annual
extremes of effective temperature and thermal moment appear to follow a normal
distribution. Accordingly, design charts can be prepared by plotting annual
extreme results on normal probability paper. For a given roof and geographic
location the design value with a selected return period is simply read off the
appropriate chart.

3. THEORETICAL MODEL

White [4] references a number of theoretical heat transfer models that have
been developed for the thermal loading of structures. The model used in this
study is a development of that first proposed by Hunt and Cooke [5].

When the roof consists of different layers, for example weatherproofing over
a concrete slab plus a false ceiling, the heat conduction equation becomes:

aT 3T
K.~ = P:C.__ (3)
Jax I I3
(1 £ 3 <m)
where T represents the temperature at depth x for time t and kj p Pj, and c
are respectively the thermal conductivity, density, and specific heat of tge

material in the jth layer of the m layer system.

Solution of equation (3) requires a knowledge of ambient conditions at each
time step. Relationships have been developed [6] for Australian conditions to
compute instantaneous values from standard daily meteorological data. A power
law of the form

KI (" - [t_-a]|™ (4)

is used to compute solar irradiance, I(tg) at time ts from the daily total of
global radiation, I, for a solar day of 2a hours. The constant k and the
exponent n are derived from a comparison with measured values. Simple linear
interpolation is used to compute ambient temperature from daily extreme
values. Following ASHRAE [7], the surface heat transfer coefficient is a
function of wind speed.

4. CALIBRATION OF THE MODEL

In 1981 an isolated experimental concrete roof panel, as shown in Figure 1,
was set up on the roof of the Engineering Building at the University of
Adelaide. Until March 1983, the temperature profile of this panel was
monitored every hour by a computer data logging system. From the experimental
record and known material properties of the slab, daily extreme values of
effective temperature, Tg, and thermal moment, Mp, were computed for 317 days.
As illustration of the range of conditions monltored Figure 2 shows a
histogram of daily maximum and minimum effective temperature.
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A simulation of the behaviour of the experimental panel was also carried out
using the theoretical model for the same 317 days. Comparison of the
experimental data with values predicted by the theoretical model shows the
coefficient of variability to be 7.6% and 28.3% for effective temperature and
thermal moment respectively.

TOTAL OF 317 DAYS
50 ;
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Fig. 1 Experimental Roof Panel Fig. 2 Histogram of Effective

Temperatures Recorded in
Experimental Panel.

In 1983 similar hourly monitoring of temperature began for a 220 mm
prestressed concrete slab that forms the roof of an Adelaide office building.
Figure 3 shows the roof in cross-section. The behaviour of this roof was also
simulated using the theoretical model. Figure 4 shows a comparison of
measured and computed values for the coldest night and hottest day since
measurements began.
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For both roofs there is a
discrepancy between the actual and
predicted rate of cooling
particularly with an overcast night
sky. Greater error was expected for
thermal moment since the model must

’
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accurately represent a wide range of
meteorological conditions. Fig. 4 Temperatures of Office Roof
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5. PRODUCTION OF DESIGN CHARTS

In Australia the weather bureau records solar radiation at a number of sites.
The network of stations was commissioned in 1968. In Adelaide, the Waite
Agricultural Research Station has recorded solar radiation since 1953.

Using the theoretical model, daily
extremes of effective temperature and
thermal moment have been computed for
the two roofs shown in Figure 5
assuming they are located in Adelaide
300 and Darwin. The roof shown in Figure
26 5(a) is similar to that of the Adelaide
51— GYPSUM PLASTER office building mentioned above. The

SUSPENDED CEILING roof shown in Figure 5(b) is a thinner
(a) (b) slab with less screed.

BITUMASTIC WEATHERPROOFING
-

T 50
95} SCREED

150

220 R.C. SLAB

300 AIR SPACE

Fig. 5 Roofs for Design Charts

These two localities span the range of Australian climates. Adelaide has a
mediterranean climate typical of much of Southern Australia. The Darwin
climate is tropical with a summer wet season and is representative of the
coastal margins of northern Australia. Allowing for equipment failure and the
effects of cyclone Tracy in Darwin, a complete 20 year record is available for
Adelaide but only a nine year record for Darwin.

Statistical analysis of the daily data yields the design charts given in
Figures 6, 7 and 8. The extreme values appear to follow a normal distribution
but there is an S shape to the scatter of points on the maximum value charts.
The reason for this pattern is unknown. Detailed analysis of the results
shows they fit the normal curve better than any other standard probability
density function. However, given the scatter on the charts it is not
recommended that they be used to estimate design values with a return period
greater than 100 years.

DAILY MIN. VALUES DAILY MAX. VALUES

+
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—

—_—
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Fig. 6 Design Values of Effective Temperature - Adelaide.
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Fig. 7 Design Values of Effective Temperature - Darwin
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Fig. 8 Design Values of Thermal Moment

The thinner slab with its smaller thermal mass undergoes a greater temperature
range. A thin slab cools down quickly overnight and can be heated to a higher
temperature during the day. In the tropical climate of Darwin, with its small
ambient temperature range, both thicknesses of slab reach essentially the same
minimum temperature after overnight cooling.

6. CONCLUSIONS

A procedure has been presented to determine the characteristic values of
thermal loading for roof slabs heated by solar radiation.

The procedure uses a theoretical model calibrated from field measurements, to
generate daily values of the thermal loading parameters from the long term
meteorological record available for a locality.

7. ACKNOWLEDGEMENTS

The financial support for this project from the Australian Research Grants
Scheme is gratefully acknowledged.



M.J.S. HIRST 579

8. REFERENCES

1. CAMPBELL-ALLEN, D. and HELFFENSTEIN, H.L., Cracking in
Concrete - Its Extent and Causes. University of Sydney -
School of Civil Engineering Research Report R253,
September 1974.

2. NAASRA, Bridge Design Specification. National Association
of Australian State Road Authorities, 1976.

3. 1.5.0., Fifth Draft Proposal for an International Standard
Temperature Climatic Actions. International Standards
Organisation, July 1982.

4. WHITE, I.G., Non-linear Differential Temperature
Distribution in Concrete Bridge Structures: A Review
of Current Literature. Cement and Concrete Association
(U.K.) Report No. 525, 1979.

5. HUNT, B. and COOKE, N., Thermal Calculations in Bridge
Design. Journal of Structural Division - A.S.C.E.,
September 1975,

6. HIRST, M.J.S., Thermal Loading of Concrete Roofs.
Journal of Structural Division - A.S.C.E., to be published.

7. ASHRAE, Fundamentals Handbook. American Society of
Heating, Refrigeration, Air Conditioning Engineers, 1977.



Leere Seite
Blank page
Page vide



581

Advanced Control Heating System for Residential Buildings
Systéme moderne de contrdle de chauffage pour des batiments d’habitation

Fortschrittliches Heizregelsystem fur Wohnbauten

Jirg GASS Jurg Gass, born 1943, got his Ph.D
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EMPA the University of Zurich. Since

1977 he has been working in the
field of building physics where he is
involved in different research pro-
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SUMMARY

The energy conservation potential of a microcomputer-based heating control system was evaluated in a
total building monitoring project. This led to the conclusion that, due to a strong positive coupling
effect between the control system and the inhabitants, a conservation potential of at least 25% can be
expected.

RESUME

Le potentiel de conservation d'énergie pour un systéme de contrdle de chauffage, basé sur un micro-
ordinateur a été évalué dans un projet de mesure d’'un batiment entier. Grace a I'effet de couplage
fortement positif entre ce systéme et les habitants, un potentiel de conservation d'au moins 25% peut
étre anticipé.

ZUSAMMENFASSUNG

Innerhalb eines grosseren Messprojektes an einem gesamten Gebaude wurde das Energiesparpotential
eines neuen Heizregelsystems ermittelt, das auf einem Mikroprozessor basiert. Dank einer starken posi-
tiven Wechselwirkung zwischen diesem Regelsystem und den Bewohnern ist ein Sparpotential von ca.
25% zu erwarten.
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1. THE LIMMATSTRASSE PROJECT

The town of Zurich is owner of a complex of 25 old townhouses at the "Limmatstras-
se" with a total of 225 apartments. During the early 70's it was discussed whether
these buildings built in 1907/8 should be destroyed or renovated. An economical
study showed that the buildings were worth renovating.

One part of the renovation was, that the apartements were brought to an up-to-
date standard with new kitchens and new bathrooms. The heating by single heaters
in the rooms was replaced by a new central heating system. A central hot water
supply was also introduced. The new renovated houses offer quite good living con-
ditions now (see Fig. 1) for a reasonable price.

The other part of the
renovation was a thermal
retrofit with the aim,
that the comfort condi-
tions should be raised
without increasing the
energy consumption. In
this thermal retrofit an
experiment was included
to compare the efficiency
of retrofits with diffe-
rent investment levels.

Fig. 1: View into one of the inner
courts of the Limmatstr.-estate

The cases to be compared were:

- Zero level investmentcase (Type O building): One of the houses was kept without
special thermal retrofits as a reference case for the evaluation of the retro-
fit efficiency of the other cases.

- Low level investment case (Typ 1 building): The standard thermal retrofit,
apllied to most of the houses, consisted mainly of triple glazed windows, addi-
tional insulation on part of the outside walls and thermostatic valves. The in-
vestment for these thermal retrofits was about SFr. 4'000.- per apartment.

- High level investment case (Type 2 building): One of the houses was used as an
experimental house. The whole building envelope was especially well insulated.
As a pilot study for high level retrofits on old buildings, different advanced
systems were introduced as follows: a gas engine driven heat pump with sewage
heat recovery and roof absorbers, a solar collector system for domestic hot wa-
ter and a microcomputer based temperature control system for the heating.

For the comparison of the three cases, an intensive instrumentation system with
more than 140 measuring channels was installed. The sensors were distributed in
three different houses, each representing a case. The quantities measured were:

- Outside climate (air temperature, solar radigtion, wind)
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- Inside climate: In each of the houses all the room temperatures in two apart-
ments have been measured as well as certain return temperatures in the heating
system, in order to monitor whether the heating is on or off.

- Heating energy consumption: In each of the houses the heating energy consumpt-
ion of five apartments, including the two with the monitored temperatures was
measured.

- Advanced technical systems: In the heat pump and solar collector-system all
the heat fluxes were measured to determine the performance of these systems.
Special measurements have been made in the "temperature control system" to
investigate its use by the inhabitant.

2. THE CONTROL SYSTEM

2.1. Technical aspects

The experimental house is equipped with an advanced, microcomputer-based tempera-
ture control system, which allows individual, time dependent temperature set
points for each room. The system also delivers the information for individual
charging of the heating costs.

A schematic view of the heating and the temperature control system is given in
Fig. 2. In the actual case, the system was relaized for ten apartments with 5
controlled rooms per apartment.

The function of this control system can be described on three different levels:

- Each controlled room is equipped with
a temperature sensor, which delivers
the actual temperature value and a con-
trol valve, which regulates the heat
supply to the room. All the valves and
temperature sensors are connected to a
substation, called the apartment unit.

/A

AU

- Each apartment is equipped with such an
LU apartment unit (see Fig. 3). It trans-
mits the temperature values from the sen-
sor to the central unit and the adju-

C)\——:::::;T____‘ sting values for the control valve from
— AU the central unit to the valve. It also
i R enables the inhabitant to communicate

with the central unit. There he can

|

T choose for each room a different pro-
FWS =11 gram of temperatures (a maximum of 4
cu | — steps). The information is stored in

the central unit. The allowed tempera-

tures to be chosen are limited to the
range of 15°C to 22°C.

[ —
o
x
w

outside
Heating — System
Control — System

Fig. 2: Schematic view of the control

system
AU = Apartment unit
R = Radiator
DHS = Deficiency heat supply

Cu
FWS

Central unit
Feedwater supply

"
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The whole system is
run by the central
unit. It stores the
information of the
inhabitants programs
and calculates the ad-
justing values for

the room control val-
ves. The supply water
temperature and the
deficiency heat supply
(when the heat pump
does not deliver en-
ough heat) are also
controlled by the cen-
tral unit.

Fig. 3: The apartment unit with the programming
possibilities

The central unit and the apartment substations are connected to a loop by a
simple telephone wire for serial data transmission, which allows easy installat-
ion. The supply water temperature is controlled in such a way that the mean posit-
ion of the room control valves is one third open. In this way, the total heat
distribution system is controlled by the actual needs of the house. This allows
an optimal use of the free heat. The maximum supply water temperature is limited
to 55°C, in order to give preference to the heat supplied by the heat pump.

The system produces also a distribution index for the individual charging of the
heating costs. This distribution index is based on the time integral over the dif-
ference between the measured outside temperature and the demanded room tempera-
ture. It also takes into account the size of the room. So the individual inhabi-
tant is charged for the demanded temperature comfort and not for the consumed
heat. The advantage of this method is that there is no '"punishment" for an unfa-
vourable position of the apartment but there is also the disadvantage, that there
is no "punishment" for an excessive opening of windows.

2.2. The use of the control system by the inhabitants

To investigate the use of this programmable control system by the inhabitant,
the programming activity was itself especially monitored.

A typical program is given as follows:
0 - 5 h: 17°C 5 - 16 h: 20°C 16 - 21h: 22°C 21 - 24 h: 17°C
However programs with 15°C or 24°C constant during the day were also found.

An interesting question poses itself: To what extent was this programming facility
used by the inhabitants. The complexity of the chosen programs is represented by
the number of set point changes during the day. This number shows how far the in-
habitant was willing to adapt the programs to his real needs.

The statistics of the set point changes in all the programs is as follows:

No changes 42 % of the programs
Two changes 41 % of the programs
Three changes 7 % of the programs

Four changes 10 % of the programs
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Another figures, which shows how intensively the programming facility was used
is the frequency of midification of the programs has been changed during the
heating season (200 days) according to the changing needs of the inhabitants.
These figures are: 2

less than 6 changes:
between 6 and 12 changes:
more than 12 changes:

5 apartments
3 apartments
2 apartements

The different use of this control system leed to a variation of the temperature
comfort (integrated difference between inside and outside) of 1 to 1.5 which
means that the least economizing inhabitant uses 50 % more heat than the most
economizing one.

These above results for this prototype installation show that in the case of
series production, certain simpilifications are necessary for an efficient use

of programs. There are in the new version a defaultprogram with dual set back
(day and night) as well as a switch for a constant set back which operates during
times, where the inhabitant will be absent is affored.

3. COMPARISON OF THE ENERGY CONSUMPTION OF THREE BUILDINGS

In the experiment, the energy consumption of three different houses (each one of
the types 0, 1 and 2) was measured during two heating seasons. These three buil-
dings had several differences (see table 1) which have to be taken into account
when evaluating the results.

For a better understanding of the results, the heat consumptions for the same
periods have been calculated with a simple steady state model, assuming the same
boundary conditions and the same influence of the control system for all of the
three buildings. The results for a full heating season are given in table 2.

The calculated results show the differences due to the variations in the building
envelope, taking also into account the larger contribution of the free heat with
encreased insulation. The deviations of the measured from the calculated figures

show the differences of the inhabitants influence combined with the different

control systems.

Type O

Type 1

Type 2

Heating System

Radiators under the
windows, design
temperature for the
supply water 90°/
70°C

as Type O

Radiators at interior
walls, design tempe-
perature for the
supply water 55°/
40°C

Control System

Supply water tempe-
rature controlled
by outside thermo-
stat + manual
values

as type 0 +
thermostatic val-
ues

micorcomputer con-
trol system
(see chap. 2)

Building envelope

no insulation sin-
gle glaze windows
+ storm windows

partical insulat-
ion, triple glazed
windows

full insulation
triple glazed

Table 1:

Main differences of the test buildings

influencing the heat consumption
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Measured Calculated Deviation of mea-
sured from calculated
Building type 0 219,4 GJ 190,4 GJ + 15 %
Building type 1 219,1 GJ 162,4 GJ + 35 %
Building type 2 101,1 GJ 133,5 GJ - 24 %

Table 2: Comparison of calculated and measured energy

consumption for the three test buildings.

That there is an important inhabitant influence, differing from one building to
the other, can be seen by looking at the energy signatures (see fig. 4). These

energy signatures show the monthly energy consumptions as a function of the
monthly mean outside temperature.

50

The lines for the buildings type 0
and type 1 are crossing at an out-
side temperature of 8°C. Without in-
habitants, one would expect for the
type 1 building a line, always below
the type 0 building line because of
the somewhat better insulation. This
difference should be bigger for high-
er outside temperatures due to the
greater amount of free heat, which
should be more efficiently used in
the type 1 building with thermosta-
tic valves. The fact that the energy
consumption of the type 1 building,
especially in the spring period, is
even higher than the consumption of
the type 0 building must be due to
excessive window opening increasing
with higher outside temperatures.

40 +

(S
[

ny
o
I

heat consumption [ GJ/Mt]
*

3
[

0 I + | + | + 1
-2 0 +2 +4 6 8 10 % 14

outside temperature L[°C1J

Fig. 4: Energy signatures of the

three test buildings

4. INFLUENCE OF THE ADVANCED CONTROL SYSTEM

As the experiment was rather complex, which means, that the buildung with the
microcomputer-control system encludes also a lot of other differences influen-
cing the heat consumption, the isolation of the influence of the control system
alone is difficult and not completely possible.
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The importance of the role of a control system can be seen by looking at the
specific heat consumption in KJ/DH (DH = degree hour) (see fig. 5). If there
were no free heat and no user influence, the values would be the same for one
type of building for all the outside temperatures. Now in the case of the type
0 and 1 buildings, with only outside thermostatic control and thermostatic
valves respectively, the values are generally increasing with lower outside tem-
peratures, which is coupled to a lower amount of free heat available from the
sun. For temperatures below 2°C, the values are decreasing again. This must be
due to a reduction in the opening of windows out of comfort reasons. That there
is an important amount of temperature control by the windows can also be seen
from the large scatter of data points caused by the statistical scattering of
the inhabitants behaviour.

In the type 2 building with the
microprocessor control system,
the values are increasing monoto-

® Type O nously with lower outside tempe-

o Type 1 ratures and with a much smaller
© ¥ Type 2 scatter, showing that the tempe-
& . 00 rature control is really done by
0 - the control system in an energy
25001+ © efficient way.

3500 1T

30001

For the quantification of the
20001 ° ° energy conservation potential
of the control system, one has
¥ to consider the relation be-
1500 1— ”*; " © tween the actual energy consump-
X " tion including the inhabitants
10004— ¥ behaviour and the calculated
¥x one with the given boundary con-
*; ¥ ditions without inhabitants.

specific heat consumption [ kJ/Dh1

5001—

L T

-2 0 +2 +4 6 8 10 12 13
outside temperature  [°C3J

Fig. 5: Specific heat consumption of the three
test buildings for two heating seasons
(DH = degree hour)

The buildings type 0 and 1 are using 15 % and 35 % respectively more heat than
the calculated case where as the building type 2 is 24 % below the calculated
case.

There are two effects independent of the control system, which may be contribut-
ing to a lower energy consumption of the building type 2:

- The radiatiors are mounted along an inside wall causing lower surface tempera-
tures at the inner side of the outside walls and smaller convective air cur-
rents along the windows.

- The average age of the inhabitants is somewhat smaller in comparison with the

other buildings. The general attitude towards energy conservation may be diffe-
rent.



ég!/
588 ADVANCED CONTROL HEATING SYSTEM FOR RESIDENTIAL BUILDINGS ﬁj‘

If one takes into account, that the building type 1 may not be representative
concerning the inhabitants behaviour, that the accuracy of the calculation
(especially the utilization of free heat) is limited and that there are other
effects reducing the energy consumption in the building type 2 (as mentionned
above), one can still postulate an energy conservation potential of at least
25 % for the control system an its coupling to the inhabitants behaviour. This
coupling to the inhabitants behaviour is important and means that the compari-
son in buildings without inhabitants will never give a similar result.

The energy conservation effect of the control system itself is based on the
following facts:

~ The temperature comfort can be limited to the times, when it is really needed.

- The algorithm in the microprocessor allows one to follow the setpoints in each
room precisely.

- The supply water temperature is controlled according to the needs for heat of
the building. In this way, the heat emission of the total distribution system
is controlled.

The coupling effect between control system and inhabitant may be mainly due to:

- The definition of the temperature setpoint in a digital way (input at the apart-
ment unit) creates a better understanding of a thermostat function than a ther-
mostatic valve.

- The possibility for the individual billing of heating costs, which is connected
to the control system enhances the will for energy conservation (this possibili-

ty was not used at its full extent, but an award was paid to the most economizing

inhabitant).

-~ The better quality of the temperature control prevents an overheating, also in
situations of high solar radiations, so that no additional temperature control
by opening the windows is necessary.

It is clear, that the guessed energy conservation potential of this control sy-
stem is valid for this individual case only and the result has been evaluated in
connection with other changes in the buildings, which cannot be separated pro-
perly. At the moment, another project is on the way, where the influence of this
control system can be looked at separately.
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Untersuchungen von Gebaudehiillen mit Hilfe der Infrarot-Thermographie
Checking the Thermal Insulation of Buildings by Means of Infrared Thermography

Contrdle des facades au moyen de la thermographie infrarouge
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Dusseldorf, Bundesrep. Deutschland

ZUSAMMENFASSUNG

Eine weltweite Verknappung und standige Verteuerung der Primarenergie fihrt zu hoheren Anforde-
rungen an den Warmeschutz von Gebauden. Eine wichtige Moglichkeit, die Warmedammung von Ge-
baudehdllen zu Gberprifen und Schwachstellen sichtbar zu machen, ergibt sich mit Hilfe der Infrarot-
Thermographie. Die |R-Thermographie ist ein berlihrungsloses Messverfahren im Infrarotbereich des
elektromagnetischen Wellenspektrums. Es dient zur Auffindung von Warmeverlusten in Form von
thermischen Schwachstellen, Warmebricken und anderen warmetechnischen Leckagen.

SUMMARY

The worldwide shortage and constantly rising cost of primary energy are leading to higher standards in
the thermal insulation of buildings. An important method of checking the thermal insulation of
buildings and exposing weak points is provided by the use of infrared thermography. IR thermography
is a no-contact measurement process in the infrared range of the electromagnetic wave spectrum. It is
used for locating heat losses in the form of thermal weak spots, thermal bridges and other thermal
leaks.

RESUME

Une pénurie mondiale et une augmentation permanente du co(t de |'énergie primaire conduisent a de
plus grandes exigences pour la protection des bdtiments contre les pertes de chaleur. Le contrble de
I'isolation thermique des facades et la mise en évidence de points faibles peut étre réalisé par la thermo-
graphie infrarouge. Cette derniére représente un procédé de mesure sans contact, dans la gamme infra-
rouge du spectre des ondes électromagnétiques; elle sert a détecter les pertes de chaleur sous la forme
de "points faibles”” thermiques, de ponts de chaleur ou d'autres fuites thermo-techniques.
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1. EINLEITUNG

Durch die weltweite Verknappung und standige Verteuerung der Primarenergie wer-
den in vielen Staaten der ndrdlichen Halbkugel htdhere Anforderungen an den Wir-
me- und Feuchtigkeitsschutz von Gebauden gestellt. In der Bundesrepublik Deutsch-
land ist seit dem 1.1.1984 eine neue, verscharfte Warmeschutzverordnung in Kraft
getreten. Diese Neufassung der Warmeschutzverordnung soll die mittleren, rech-
nerischen Transmissionswarmeverluste, ausgedriickt durch k-Werte, weiter bis et-
wa 20 - 25 % gegeniiber dem Anforderungsniveau des Jahres 1977 absenken. In der
neuen Warmeschutzverordnung werden nun auch erstmalig bei baulichen Anderungen
an bestehenden Gebduden Anforderungen an den Warmeschutz gestellt. Energieein-
sparung in Wohn- und sonstigen Gebduden ist aber nur durch die Summe vieler,
aufeinander abgestimmter MaBnahmen und vor allen Dingen durch deren Kontrolle
moglich.

Eine wichtige Moglichkeit, die Warmedammung der Gebdudehiillen zu iiberpriifen, zu
dokumentieren und zu beurteilen, ergibt sich mit Hilfe der Infrarot-Thermogra-
phie. Die Thermographie ist ein beriihrungsloses MeBverfahren im Infrarotbereich
zur flachendeckenden Ermittlung von Oberflachentemperaturen und zur Auffindung
von Warmeverlusten in Form von Warmebriicken, Undichtigkeiten und thermischen
Schwachstellen.

Diese Vorteile lassen sich zur warmetechnischen Beurteilung von Gebdudehiillen
gut anwenden. Bauphysikalische Mangel, Planungsfehler und mangelhafte Ausfiihrung
sind mit dieser Methode in der Heizperiode zu erkennen. Durch rechtzeitiges Auf-
decken dieser Mdngel kdnnen so dauerhafte Schdden an den Gebdudehiillen vermieden
werden. Die Oberflachentemperaturen eines Gebdudes sind von einer Reihe vonEin-
fliissen abhangig, die bei thermographischen Bewertungen von Gebauden zu beriick-
sichtigen sind. Bei sorgfaltiger Beachtung der Randbedingungen, auf die in Ab-
schnitt 4 noch eingegangen wird, sind je nach Aufwand qualitative und auch quan-
titative Aussagen iber den aktuellen thermischen Zustand der Gebdudehiille mog-
lich. Mit dieser Methode wird damit ein Beitrag geleistet, die thermische Qua-
1itdat von Gebdauden zu erhthen und zu verbessern. Auch hier ist, wie in anderen
Fachbereichen, neben einer entsprechenden Gerdtekonfiguration auch entsprechen-
des Fachpersonal erforderlich. Dariiber hinaus sind ausreichende bauphysikali-
sche Kenntnisse wichtig, um die MeBergebnisse zu interpretieren und Vorschldge
flir eventuelle Verbesserungen und Sanierungsmafnahmen zu unterbreiten.

2.  PHYSIKALISCHE GRUNDLAGEN

Das menschliche Auge nimmt elektromagnetische Strahlung im Bereich von 0,4 -
0,8 pm in Form von sichtbarem Licht wahr. Das Sonnenlicht enthdlt neben dem
sichtbaren Licht auch ultraviolette und infrarote Strahlung. Das sichtbarelicht
und die Infrarotstrahlung sind ebenso elektromagnetische Wellen wie Rontgen-
und Gammastrahlen oder Rundfunk- und Fernsehwellen. Alle elektromagnetischen
Wellen unterliegen den gleichen physikalischen GesetzmaRigkeiten. Sie unter-
scheiden sich nur in ihrer Wellenldnge und Frequenz. Eine Ubersicht des elektro-
magnetischen Spektrums zeigt Bild 1. Der Mensch kann die Infrarotstrahlung, die
standig auf uns einwirkt, zwar nicht sehen, bei starker Intensitat aber auf der
Haut spiiren., Die Infrarotstrahlung ist ein wichtiger Informationstrdger liber den
augenblicklichen physikalischen Zustand und die chemische Zusammensetzung der
uns umgebenden Korper. Auch die Menschen selbst sind Temperaturstrahler. Ent-
deckt wurde der infrarote Strahlungsanteil im elektromagnetischen Spektrum der
Sonnenstrahlung durch den Engldnder, Sir William Herschel. Jeder Korper mit ei-
ner groBeren Temperatur T als 0 K besitzt thermische Energie. Die Energie wird
nach bestimmten physikalischen Gesetzen abgestrahlt, und zwar im langwelligen
Bereich des elektromagnetischen Spektrums. Nach dem von Max Plank formulierten
Strahlungsgesetz ist die spektrale Strahlungsdichte einer von einem schwarzen
Korper ausgehenden Strahlung direkt abhangig von der Wellenlange und dessen ab-

soluter Temperatur. Die materielle Beschaffenheit des Korpers spielt dabei aber
keine Rolle.
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— In Abhdngigkeit von der Temperatur
g e e ™™ | hat die WiArmestrahlung eine sehr un-
terschiedliche spektrale Zusammen-
setzung. Je hoher die Temperatur ist,
N e P (s 3 desto groBer ist der Strahlenanteil
'ﬁ m ?I% Qﬁ% -] “f im Bereich des sichtbaren Lichtes.
- == * Auch das Maximum der spektralen Strah-
. - lungsdichte verschiebt sich zu kurzen
Il Wellenlangen. Mit guter Naherung be-
schreibt das Wiensche Verschiebungs-
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Fig. 1 Elektromagnetisches Wellen- zen Korpers.
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Der fir die Infrarotthermographie von Gebdudehiillen interessante Bereich ist die
Flache unterhalb der 300 K-Kurve, was in etwa der Umgebungstemperatur entspricht.
Aus dieser Kurve kann man weiter zwei wesentliche Dinge ablesen.

1. Das Strahlungsmaximum liegt bei ca. 10 pum

2. Die Strahlungsintensitdt unterhalb von ca. 2,5 pm ist fast Null und fallt
vom Strahlungsmaximum zu kurzen Wellenldngen relativ steil ab.

Die gesamte spezifische Abstrahlung setzt sich aus der Strahlung in den einzel-
nen Wellenlingenbereichen zusammen. Nach Stephan - Boltzmann ist die gesamte ab-
gestrahlte Leistung eines Kdrpers proportional der vierten Potenz seiner Tempe-
ratur

Mg =0T [wml] mit 0 =5.67-10 I RS, (2).
Die Gleichung (2 ) gilt allerdings nur fiir den absolut schwarzen Korper. In der

Baupraxis gibt es solche Korper nicht. Baukdrper senden nur einen Teil der
Strahlung des schwarzen Korpers aus. Die von einer Oberflache emittierte Strah-
lung hingt auBer von der Temperatur auch von der Oberfldchenbeschaffenheit ab.
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Das Verhdltnis der Abstrahlung eines realen Korpers mit bestimmter Oberflache
(Struktur, Farbe, Material) zu der eines schwarzen Korpers gleicher Temperatur
nennt man Emissionsgrad € . Beim absolut schwarzen Korper ist € = 1. Der Emis-
sionsgrad einiger Materialien ist in Fig. 3 zusammengestellt. Der Emissionsgrad
guter, elektrisch leitfdhiger Materialien nimmt im Infrarotbereich sehr niedrige
Werte an, wie Fig. 3 zeigt. Flachen aus Gold und Silber wirken daher fast wie
ideale Spiegel fiir jede Warmestrahlung der Umgebung. Die Auswirkung des Emis=
sionsgrades auf das Warmebild ist in Fig.4 / 1 7 dargestellt. Zum Zeitpunkt der
Messung haben die Oberfldchenmaterialien etwas unterschiedliche Temperaturen.
Diese Unterschiede sind auch im Thermogramm in der rechten oberen Bildhdlfte gut
zu erkennen. Bei Beton und Holz ist der Unterschied der geschwarzten zu den un-
geschwarzten Teilflachen gering. Der Emissionsgrad ist nur geringfiigig kleiner
als eins. Die nicht geschwarzte Aluminiumoberfldche ist im Thermogramm (rechte
Bildhdlfte unten) deutlich dunkler als die iibrigen Fldchen. Man erkennt daraus,
daB die Flache einen sehr geringen Emissionsgrad hat, der hier ungefdhr bei 0,4
(Aluminium gesandstrahlt) liegt.

e
BETON

Fig. 4 Orientierungsaufnahme und Thermogramm von Materialproben / 1 7

Bei der Untersuchung von Gebadudehiillen ist darauf zu achten, daB entsprechende

Metalloberflachen, die im Thermogramm dunkler erscheinen, nicht kdlter sind,
sondern die ermittelten Temperaturen mit den entsprechenden Emissionsfaktoren
nach Fig. 3 korrigiert werden miissen.

Da die Infrarotthermographie ein beriihrungsloses MeBverfahren ist, muB die emit-
tierte Strahlung auf dem Weg vom Objekt zur IR-Kamera die Atmosphdre durchdrin-
gen. Die Atmosphdre absorbiert jedoch in bestimmten Wellenldngenbereichen einen
Teil der Infrarotstrahlung und zwar umso mehr, je groBer die Entfernung Objekt-
IR-Detektor ist. Aus diesem Grunde werden thermographische Messungen in absorp-
tionsfreien Wellenlangenberei-
‘ chen, den sogenannten atmos-

atmosphdrische _Fenster phdrischen Fenstern,durchge-
fiihrt, siehe Fig. 5. Wie Fig.5
zeigt, liegen diese Fenster
zwischen 3,5 - 5 pmkurzwellig
und zwischen 8,5 - 12,5 pum
langwellig. Innerhalb dieser
Fenster hdngt der von der At-
mosphdre absorbierte und abge-
strahlte Energiebetrag haupt-
sdchlich von der Menge des vor-
handenen Wasserdampfes ab.

100%/4

2 L1 1 3 1 1 1 1

1 5 L) Wellenlung
Mikron)

Fig. 5 Atmospharische Transmission
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3. GERATEKONFIGURATION

Ein Versuch, die auf dem Markt befindlichen infrarot-optischen Gerdte zu syste-
matisieren und zu bezeichnen, zeigt Tafel 1 /3/. Unter Thermographiegerdten wer-
den hier Gerdte verstanden, die aufgrund ihres Aufbaus und ihrer Ausstattung da-
zu geeignet sind, als MeBgerate eingesetzt zu werden, s. Tafel 1 rechte untere
Halfte.

Tafel 1 INFRAROT - OPTISCHE GERATE
JNFRAROT-KAMERAS : INFRAROT-STRAHLUNGSS lgHngkﬁTi 7 INFRAROT-STRAHL L!N§§MESE§ERKTE:
Abbiidung auf infrarotempfindlichen | abtastende Gerate zur Spektral- abtastende Gerate zur beruhrungslo-
Schichten mit einem nachfolgenden transformation in den sichtbargn sen Tempergturmessung unter Verwen-
SignalverarbeitungsprozeB wie Ent- Bereich unter Verwendung von Ein- dung von Einzeldetektoren und elek-
wickeln oder elektrisches Abtasten zeldetektoren und/oder Detektor- tronischen Auswerteeinheiten
Kamera Arvays Strahlungsthermometer
mit infrarotempfindlichen Filmen Warmeortungsgerate Anzeige der Temperatur als Funktion
Anzeige der Strahldichte entlang der Zeit fiir einen definierten MeB-
Fernsenkamerd. (e einer geometrischen Linie fleck
mit pyroelektrischem Vidicon )
Warmebildgerdte Linescanner
Anzeige der Strahldichte iiber einer | Aufzeichnung der Temperatur_entlang
geometrischen Fldche einer geometrischen Linie w&hrend
einer definierten Zeitspanne (Ab-
tastzeit)

T grafieqerdte

Aufzeichnung der Temperatur lber
einer geometrischen Fliche wihrend
einer definierten Bildlaufzeit

Das wichtigste Teil der Thermographiegeratekonfiguration ist die Infrarot-Kame-
ra, siehe Fig. 6. Sie besteht im wesentlichen aus den folgenden Bauteilen:

1. dem Objektiv
Es ist dhnlich aufgebaut wie bei normalen Fotoapparaten. Das Material, z.8B.
Germanium, Silizium, Saphir oder Spezialgliser, ist jedoch entsprechend in-
frarotdurchléssig. Je nach Aufnahmebedingungen kann mit unterschiedlichen
Objektiven gearbeitet werden,

2. dem optischen, mechanischen Abtastsystem

Es funktioniert &hnlich wie bei einem Fernsehaufnahmesystem. Die wiarmeab-
strahlende Fldche wird punktweise in sehr schneller Reihenfolge abgetastet
und von horizontal und vertikal angeordneten, rotierenden Scannings-Prismen
auf den Detektor weitergeleitet. Um das abgetastete Bild je nach Prismen-
stellung in definierte Punkte konstanter Abtastdauer zu zerlegen, ist zwi-
schenFAbI%nksystem und Detektor eine rotierende Blende angeordnet, siehe
auch Fig.

3. dem Detektor, als dem wichtigsten Baustein der IR-Kamera

Er besteht aus einem winzigen Halbleiterelement, das nacheinander die auf-
fallende Strahlung der abgetasteten Bildpunkte des Objekts in elektrische
Signale umwandelt. Nach Verstadrkung werden diese Signale synchron zur Ab-
tastung auf den Bildschirm einer Kathodenstrahlrghre zu einem sichtbaren
Warmebild zusammengesetzt. Diese Bildwiedergabe, auch Thermogramm genannt,
entsteht dhnlich wie ein Fernsehbild durch punktweisen Aufbau.

In modernen Thermographiegerdten werden vorwiegend Quanten-Detektoren ver=
wendet, Abgestimmt auf die Lage des atmospharischen Fensters, siehe Fig.5
werden in konventionellen Systemen zwei unterschiedliche Typen eingebaut.

a) Detektoren, In Sb (Indiumantimonid) Kurzwellenberetch von 2 - 5,5 um
b) Detektoren, MCT (Quecksilber Cadmium Fellurid) von 8 - 14 pum.

Fast alle schnellarbeitenden Quanten-Detektoren miUssen wihrend des Betrie-
bes permanent gekihlt werden, um optimale Signal-/Rauschverhdltnisse zu er-
zielen. Als KiihImittel auf die erforderliche Betriebstemperatur von -196° C
dient vor allen Dingen flissiger Stickstoff fUr mobile Systeme. Eine FUl-
lung des fiir den Stickstoff vorgesehenen Dewar-GefaBes reicht in der Regel
fiir 2 bis 3 Stunden Betriebsdauer,

Fig. 6 zeigt den Aufbau einer IR-Kamera. Moderne Infrarot-Kameras haten ein se-
quentielles Bildabtastsystem mit 25 Teilbildern pro Sekunde und je fast 28.000
Bildpunkten pro Bild. Dadurch behd@lt man ein relativ flimmerfreies und detail-
liertes Warmebild des untersuchten Objektes. Der MeBbereich der Kameras liegt
zwischen ca. -300 und +1600° C.

Der zweite wichtige Bestandteil der Gerdtekonfiguration ist das Bildwiedergabe-
gerat. Hier erscheint das Warmebild als fiinfstufiges Grautonbild auf dem Monitor
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eines Oszillographen. Im Schwarz/WeiR-Warmebild entsprechen die dunklen Grau-
ton-Bildpunkte niedrigen Temperaturen und Bildabschnitte mit hellen Grauton-
Bildpunkten hdheren Temperaturen. Der GroBenausschnitt des Warmebildes wird durch
den Detektor und die Kameraoptik bestimmt, die mit Winkelaufldsungen zwischen
5,8 mrad und ca. 1 mrad arbeiten. Bei Verwendung einer 200 Optik, die sich fiir
die Gebdudethermographie gut eignet, erhdlt man bei 10 m Entfernung vom Objekt
einen Bildausschnitt von ca. 3,5 gm. Im Bereich der Gebaudethermographie konnen
die Oberfldchentemperaturen unter 19 C genau gemessen werden. Das Wiarmebild
(Thermogramm) unterscheidet sich grundlegend von einem Normalfoto. Das Foto gibt
die von einem Objekt reflektierte
Strahlung im sichtbaren Bereich des
elektromagnetischen Wellenspektrums
wieder. Das Thermogramm gibt die vom
Objekt emittierte Eigenstrahlung inner
halb der Empfindlichkeit der IR-Kamera
wieder. Das Warmebild hat eine grobere
Struktur und eine diffusere Konturen-
wiedergabe. Das liegt vor allen Dingen
> daran, daB die Warmeverteilung an der
Detektor — = Objektoberflache flieBendere Obergange
ergibt. Um Temperaturunterschiede in-
nerhalb eines Warmebildes leichter er-
- kennen und ausmessen zu kdnnen, sind
Fig. 6 Aufbau einer IR-Kamera ein Teil der IR-Kameras mit einer Iso-
thermenfunktion ausgeriistet. Mit die-
ser Funktion ist es moglich, im Thermogramm Bereiche gleicher Temperatur durch
helle Linien darzustellen. Man erhdalt ein sogenanntes Isothermenbild. Die Iso-
thermen kdnnen auf eine beliebige Temperatur im Bild gelegt werden. Soll so die
tatsachliche Oberfldchentemperatur ermittelt werden, so sind zusdtzlich eine
Temperatur an einem Referenzpunkt innerhalb der MeBoberfldche als auch der Emis-
sionsgrad der Referenzoberfldche und des MeBobjektes erforderlich. Mit diesen
Werten und den entsprechenden Kalibrierungskurven der Kamera konnen die augen-
blicklichen Oberfldchentemperaturen nach Gleichung (3) berechnet werden.

Scanning Prismen

Al £
11=f(~3l)= 2, 2 12+(1-€—2)1 (3)

Hierin bedeuten:
01' 02 Temperatur in Punkt 1 bzw. 2 des MeBobjektes
ﬁu Umgebungs temperatur

I =f (J,) Funktionswert ¥, aus der Kalibrierungskurve

1
2
I,=f ('&u) Funktionswert < aus der Kalibrierungskurve

= f ('&2) Funktionswert '&2 aus der Kalibrierungskurve |der IR-Kamera

51. 82 Emissionsgrad in Punkt 1 bzw, 2 des MeBobjektes

Al Differenz der lsothermen Einheiten zwischen den
1e Isothermen-Markierungen fur Punkt 1 und 2.
AuBerdem lassen sich die Oberfldchentemperaturbereiche und die jeweiligen Iso-
thermeneinheiten den entsprechenden Temperaturen zuordnen.

Fiir den praktischen Gerdteeinsatz vor Ort am Objekt und bei der Laborauswertung
haben sich ein speziell adaptierter Videorecorder und ein Farbmonitor bestens be-
wahrt. Mit diesem Aufzeichnungsgerat ist es moglich, die Messung

vor Ort aufzuzeichnen, um sie dann im Labor mit der notigen Sorgfalt auswerten
zu konnen, Dabei kann es von Vorteil sein, das erstellte Videobild unter mehre-
ren Gesichtspunkten auszuwerten. Zum einen kann die Information zur Umwandlung
der Graustufenbilder in Colorthermogramme benutzt werden. Hierbei werden in ei-
nem weiteren Zusatzgerdt, dem Farbmonitor, die fiinf Graustufenttne zehn Farbstu-
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fen zugeordnet. Mit dieser Farbskala konnen entsprechende Colorthermogramme er-
zeugt werden, die in vielen Fdllen eine bessere Interpretation des Objektes er-
lauben. Eine weitere Moglichkeit, die Gerdtekonfiguration zu erweitern, ist ein
Zusatzgerdt zur analog/digital-Wandlung der MeRdaten. Damit wird es mdglich, iiber
einen Mikrocomputer und Plotter ein entsprechendes digitales Thermogramm zu er-
zeugen. Mit Hilfe dieser Digitalbilder werden weitere computermdaBige Verarbeitun=
gen und Auswertungen der Thermogramme mdglich.

4, THERMOGRAPHISCHE MESSUNG

Bei der Untersuchung von Gebdudehiillen soll grundsdatzlich zwischen zwei Messun-
gen unterschieden werden

1. Qualitative IR-Thermographie
2. Quantitative IR-Thermographie.

Die Messungen konnen je nach Aufgabenstellung und Erfordernissen sowohl von au-
Ben als von innen durchgefiihrt werden. Der Vorteil der AuBenthermographie liegt
im schnellen Abtasten groBer Gebdudeflachen. AuBerdem wird die Gebdaudenutzung
nicht wesentlich eingeschrankt und die Bewohner nicht beldstigt. Bei einer Innen-
thermographie ist die geringe Witterungsabhangigkeit, bessere Randbedingungen und
hohere Temperaturaufldsung von Vorteil. Nachteilig ist, daB Mobel und sonstige
Gegenstdnde, die an den AuBenwdnden stehen, entfernt werden missen. Das ist oft
sehr kosten- und zeitaufwendig. In allen Fallen sind fiir die Messungen bestimmte

TAFEL 2 - VORAUSSETZUNGEN UND RANDBEDINGUNGEN FOR QUANTITATIVE THERMO-
GRAPHISCHE MESSUNGEN

1. Zum Zeitpunkt der Messung soll thermodynamisches Gleichgewicht der Gebdude-
hiille vorhanden sein. Das heiBt, es soll sich ein quasi stationdrer Wirme-
strom eingestellt haben. Die Messungen sollen an entsprechend kalten Tagen
in den frilhen Morgenstunden, vor Sonnenaufgang, stattfinden.

2. Die Differenz zwischen Innenraum- und AuBentemperatur soll miglichst hoch
(mindestens 100 K) sein.

3. Die Gebdudehlille soll moglichst trocken sein, d.h. keine Regen-, Schnee-
oder Reiffeuchtigkeit besitzen,

4. Die Innentemperatur sollte 20° C nicht unterschreften und in allen an dfe
GebdudehUlle grenzenden Riume etwa gleich sein.

5. Efne evtl. vorhandene Nachtabsenkung muB abgeschaltet werden,

6. Die Fenster und AuBentliren sind ca. eine Stunde vor der Messung zu schlieBen.
Rol1- und Schlagldden sind zu offnen.

7. Direkte Fremdstrahlungen (Beleuchtungen etc.) auf die Gebdudehllle sind
ebenfalls eine Stunde vor der Messung abzuschalten.

8. Die gemessenen Wandtemperaturen missen mit den entsprechenden Emissfons-
faktoren korrigiert werden.

9. Vorgehingte Fassaden kbnnen nicht von aufen thermographiert werden, weil
sich im Zwischenraum zwischen Fassade und AuBenhaut eine Kleinklimazone
bildet.

10. AuBenmessungen sollen miglichst bei Windstille oder geringer Windgeschwin-
digkeit < 2 m/s durchgefiihrt werden. Sonst wird der Wérmelibergangskoeffi-
zient O, zu stark beeinfluBt.

Voraussetzungen und Randbedingungen zu beachten, um entsprechende Ergebnisse zu
erhalten. Bei der qualitativen IR-Thermographie sind nicht so strenge MaBstabe

an die Voraussetzungen und Randbedingungen zu legen. Dafiir benotigt man zur Beur-
teilung der thermographischen MeRergebnisse entsprechend Sachverstand und lange
Erfahrung, vor allen Dingen bei bautechnischen Konstruktionsdetails und bauphysi-
kalischen Detailfragen. Dennoch ergibt die qualitative thermographische Messung
erste Hinweise auf mogliche thermische Schwachstellen, Warmebriicken und Undich-
tigkeiten an der Gebdudehiille. Manche versteckten Mangel in der Planung und Aus-
fiihrung, vor allem auch der entsprechenden Detailpunkte kdnnen - wenn liberhaupt -
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nur thermographisch sichtbar sichtbar gemacht werden. Aus diesem Grunde ist auch
eine verninftige Dokumentation, und damit eine Beweissicherung der Baumdngel mog-
lich. In Schweden beispielsweise gibt es fiir den dort sehr verbreiteten Bau von
Fertighdusern einen Katalog von Musterthermogrammen, mit deren Hilfe bauabnahme-
reife Gebdude - mit aktuellen erstellten Thermogrammen - verglichen werden., So
konnen Mangel an der Gebdudehiille festgestellt und beseitigt werden. Typische
Schwachpunkte in der Gebdudehiille sind vor allen Dingen an den Stellen zu suchen,
an denen verschiedene Materialien, Bauteile oder Bauelemente zusammenkommen.Hier
treten gerade auch in der heutigen Zeit, trotz hoher energietechnischer Forde-
rung mit niedrigen k-Werten entscheidende Warmebriicken wegen fehlender Warme-
dammungen, Dichtungen und unsachgemdBer Ausfiihrung der AnschluPBdetails auf.

Bei der quantitaitven Thermographie wird ebenfalls zwischen AuBen- und Innenmes-
sung unterschieden. Um hier echte, aussagefdhige Messungen durchzufiihren, soll-
ten mindestens die in Tafel 2 genannten Voraussetzungen und Randbedingungen ein-
gehalten sein. Aus diesen Voraussetzungen und Randbedingungen wird ersichtlich,
daB die MeBzeiten auBerordentlich begrenzt sind und in vielen Fdllen diese ide-
alen Voraussetzungen nicht vorhanden sind. Dennoch ist es moglich, bei sorgfdl-
tig durchgefiihrten thermographischen Messungen mit entsprechenden Korrekturen
realistische Oberfldchentemperaturen zu bestimmen. Die ermittelten Temperaturen
konnen bei zusdtzlicher Messung der Lufttemperaturen innen und auBen, sowie bei
Kenntnis des Wandaufbaus und des Warmeiibergangskoeffizienten, des WarmedurchlaB-
widerstandes 1/A und Wdarmedurchgangskoeffizienten k liberpriift werden.

5. AUSWERTUNG

Wenn alle meBtechnischen Daten wie Datum, Uhrzeit, Gebaudelage im GrundriB, Wet-
terbedingungen und Gerdteeinstellungen in ein MeBprotokoll ordnungsgemdB aufge-
nommen und eingetragen sind, kann im Labor mit der Auswertung begonnen werden. Um
bei der Auswertung und der Dokumentation der Messung die Lage der einzelnen Ther-
mogramme auf der Gebdudehiille zu erkennen, hat es sich als niitzlich erwiesen, zu-
sdtzlich zu den Thermogrammen als Orientierungshilfe Normalfotos anzufertigen.

In diese Normalfotos, schwarz/weiB oder farbig, auch Orientierungsaufnahmen ge-
nannt, wird der Ausschnitt der durchnumerierten Thermogramme eingetragen. Damit
ist es bei einer groBen Anzahl von Thermogrammen relativ leicht moglich, das ent-
sprechende Thermogramm der entsprechenden Stelle der Gebdudehiille zuzuordnen. Da
die thermographischen Messungen der Gebdudehiille vor Ort aufgezeichnet werden,
kann man im Labor mit aller Sorgfalt die thermischen Schwachstellen, Warmebriik-
ken und andere Fehlstellen lokalisieren und dann vom Schwarz/Wei3- oder Farbmo-
nitor abfotografieren. Die Fotos vom Farbmonitor werden als Colorthermogramme be-
zeichnet. Die den Isothermeneinheiten zugeordneten Temperaturen werden nach Glei-
chung (3) mit einem Computerprogramm berechnet und der entsprechenden Grauton-
oder Farbskala zugeordnet. Hierbei sind die Gerdtedaten, wie Blende, Filter,
Range, Thermal Level, die Objektdaten und Witterungsbedingungen entsprechend zu
beriicksichtigen. Ein Orientierungsfoto (links)mit zugehorigem Thermogramm (rechts)
einer Gebaudehiille eines Wohnhauses zeigt Fig. 7. Will man zusdtzlich zu den ge-

Fig. 7 Orientierungsaufnahme und schwarz/weiB Thermogramm
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Oberfldchentemperaturen & noch Vergleiche zu den angegebenen warmetechnischen
KenngroBen der DIN 4108 ziehen, muB eine realistische Annahme iiber die vorhande-
ne Warmeleitfahigkeit A der Wandmaterialien und der Wdrmeiibergangskoeffizienten
a getroffen werden. Wegen der besseren Randbedingungen wird die Oberflachentem-
peratur vJo; der Innenseite der AuBenwand mit der Thermographie bestimmt. Der
k-Wert ergibt sich naherungsweise mit Hilfe der Gleichung (4)

Hierin sind
. JLi, Jla die Lufttemperaturen innen und auBen,
JLi - {}oi

=i 'ﬁFIT_:_EFEE__(L) {)oi die thermographisch gemessene Oberflachen-
temperatur der AuBenwand innen und

k

aj der Warmeiibergangskoeffizient innen.

Die Lufttemperaturen konnen beispielsweise mit einem digitalen Thermometer an
mehreren Stellen im ca. 10 cm Abstand von der Wand innen und aufen gemessen wer-
den. Wird der Wdrmeiibergangskoeffizient & mit einem Mittelwert von ca. 7 W/gm K
eingesetzt, so 18Rt sich mit (4) der k-Wert fiir den Bereich der Gebaudehiille be-
stimmen. Diese Berechnung beruht jedoch auf der Annahme des angegebenen Warme-
iibergangskoeffizienten und auf der exakten Ermittlung des Emissionsfaktors.

6. ZUSAMMENFASSUNG UND AUSBLICK

Wie in den vorherigen Abschnitten dargestellt wurde, ist die IR-Thermographie ei=
ne niitzliche und hilfreiche Moglichkeit, die aktuelle Temperaturverteilung an
Oberflachen von Gebaudehiillen, aber auch an anderen Bauteilen rasch zu erfassen
und sichtbar zu machen. Um quantitativ auswertbare Ergebnisse zu erzielen, miis-
sen allerdings gewisse Voraussetzungen und Randbedingungen beachtet werden. Die
Durchfilhrung thermographischer Messungen und die Interpretation und Dokumentation
der Ergebnisse erfordern entsprechende Erfahrungen auf den Gebieten der MeRtech-
nik, der Baukonstruktion und der bauphysikalischen Zusammenhdnge. Die sich erge-
benen meteorologischen und verfahrenstechnischen Einschrankungen haben einen
nicht unerheblichen Zeit-, Personal- und Gerdteaufwand zur Folge, der sich natur-
gemal3 auch in den Kosten niederschlagen muB. Mit Hilfe der gewonnenen Erkennt-
nisse ist es somit moglich, geeignete SanierungsmaBnahmen - falls erforderlich -
in die Wege zu leiten.

Zusammenfassend sind bei der IR-Thermographie zu erkennen:

- schnelle, genaue und umfassende Gewinnung von Informationen iiber Temperatur-
verteilungen an Objektoberfldchen,

- beriihrungslose, beweissichernde Messung an und in Objekten ohne Beeinflus-
sung des MeBobjektes und der MeBgroBen durch das MeBverfahren selber,

- Warmestromungen in Materialien werden sichtbar und somit kann eventuell
entstehendem Schaden vorgebeugt werden,

- entscheidende MaBnahmen zur Energieeinsparung und Aufdeckung von thermi-
schen Schwachstellen konnen auf dieser MeBgrundlage getroffen werden.
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SUMMARY

Solar control for residential and commercial buildings is important to maintain thermal comfort and
reduce energy consumption. The comfort criteria for summer conditions must be considered carefully,
especially in passive solar buildings with high solar gains. A nomogram for the rapid determination of
the critical maximum indoor air temperature is given, based on a parametric analysis, considering solar
transmission factor, shading devices, window area, internal heat source and building mass.

RESUME

La protection solaire dans les batiments résidentiels et commerciaux est importante pour le maintien
du confort thermique et la réduction de la consommation d’énergie. Le critére de confort pour les con-
ditions en été doit étre considéré soigneusement, spécialement pour certains batiments a énergie solaire
passive. Une abaque pour la détermination rapide de la température de |'air intérieur maximal critique,
basée sur une analyse paramétrique considérant le facteur de transmission solaire, les dispositifs
d'ombrage, la surface des fenétres, la source intérieure de chaleur et la masse du batiment, est donnée.

ZUSAMMENFASSUNG

Das Festlegen von Sonnenschutzmassnahmen bei Wohn- und Geschaftsbauten ist wichtig zur Aufrecht-
erhaltung der Behaglichkeit und fur Energieeinsparungen. Besonders bei Bauten mit einer hohen passi-
ven Sonnenenergienutzung sind die sommerlichen Behaglichkeitskriterien sorgfaltig zu (iberpriifen. Es
wird ein Nomogramm vorgestellt fir die rasche Bestimmung der kritischen maximalen Raumlufttem-
peratur. Das Nomogramm basiert auf einer Parameterstudie und berlcksichtigt Gesamtenergiedurch-
lassgrad, Beschattungseinrichtungen, Fensterflache, innere Warmequellen und Gebaudespeichermasse.
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1. INTRODUCTION

Typical of central Europe, the climate of Switzerland calls for many days of
heating in winter. Excluding buildings with high internal heat sources, no cool-
ing is normally required in summer.

However, the summer season can present problems since a period of sunny summer
days can produce excessive indoor temperatures which severely reduce the thermal
comfort and working capacity of the occupants.

Architects and engineers must therefore design the building for effective solar
control to avoid overheating. This is especially true for buildings designed for
high solar gains in winter to reduce heating loads. Good solar contrel for sum-
mer conditions may also preclude the need for air conditioning and reduce the
total energy consumption.

The architect would benefit from a simple tool to check his designs concerning
solar protection, to compare different alternatives and to be alerted to critical
situations in which more sophisticated calculations by specialists are necessary.

The maximum indoor temperature during a typical period of sunny summer days is

chosen as criterion for the thermal response of the building. The critical maxi-

mum indoor temperature depends on the following parameters:

- solar gains (influenced by window size, solar transmittance of the glass and
the shading devices),

- internal heat sources (lighting, office machines and installations, occupants),

- thermal storage capacity of the internal building mass,

- air infiltration rate.

2. ASSUMPTIONS AND METHOD

The proposed method employs a nomogram for the rapid determination of the criti-
cal maximum indoor temperature Ay max in a chosen room. It is usually possible to
select one or a few critical rooms in a building, check these with the nomogram
and then apply this solar control to the entire building.

The nomogram gives estimated values and is subject to the following limitations:

- room geometry: ratio of room width-to-depth 1/2 to 2

- window area: orientation from east, south to west
(the nomogram is not valid for roof windows)
- thermal insulation: U-value, roof < 0.4 W/m? K
walls < 0.6 Wm? K
windows 1.4 to 3.0 W/m? K
- no heat absorbing window glass
- air infiltration rate: 0.5 per h, daily mean value
- internal heat sources: 0 to 50 W/m? floor area

Thus, the method applies to residential and commercial buildings, offices up to
moderate size.

The nomogram is based on a parametric analysis with a computer program consider-
ing the varying ambient air temperature, solar radiation and the dynamic behavior
of the building.

3. EXTERNAL CLIMATE

A typical period of 5 summer days was selected from the available data [1].
Fig. 1 and 2 give the fluctuations of ambient air temperature and solar radiation.

These diagrams can be considered valid for Swiss climatic conditions up to an
elevation of about 800 m above sea level. This covers most of the populated area.
The maximum ambient air temperature is 33°C and the daily amplitude, 14 to 16 K.
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Higher altitudes can also be checked by reading the overheating (A}) from the no-
mogram. This overheating is defined as the temperature difference between maximum
indoor air temperature (Jhnux ) and maximum ambient air temperature (4&,m‘*) oc-
curing during the 5 day period. The maximum ambient air temperature, decreasing
with increasing altitude, can be taken from Fig. 6.

Extrapolation to altitudes up to about 1600 m is acceptable because the measured
data show that solar radiation in summer does not vary greatly with altitude.

PERIOCD : 3/8/1981 - 7/8/1981
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Fig. 1: Typical summer ambient air temperature for Swiss
climatic conditions (Geneva 420 m).
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Fig. 2: Global solar radiation intensity on south
facade for summer conditions.
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4. SIMULATION MODEL

The parametric analysis was performed with the computer program HELIOS 1 [2, 4].
This program calculates the thermal behavior of the building and indoor air tem-
perature in hourly intervals on the basis of weather data, i.e. ambient air tem-
perature, wind velocity, solar and atmospheric long-wave radiation. The building
interior is considered as one zone, here one selected room. The calculation of
the heat transfer through the walls and the window area uses the ASHRAE procedure

[3].

This program has been verified and evaluated by measurements and gives an esti-
mated accuracy of about 1 K in air temperatures and 10 % in daily heating loads
(non-existent in summer). Fig. 3 gives a typical result of the evaluation.

PROGRAM  HELIOSI

)

30

TI-c o0—o
TI-m —a
T0 —

20

18

TEMPERATURE

- MEAN VALUE :

21.2 ¢
21.1 ¢

TI
TI

calculated

measured

-18

I T T T T T T T T Ed T L
e 20 48 60 68 198 120

TIME (HOURS)

Fig. 3: Comparison of measured and calculated indoor air
temperature for a south oriented room.
TI-c: Indoor temperature, calculated
TI-m: Indoor temperature, measured
TO: Ambient air temperature

In Fig. 4 and 5, results from the parametric analysis are given. They show the
influence of window area on the indoor air temperature for heavy and light
building constructions.

5. NOMOGRAM AS DESIGN TOOL

Fig. 7 and 8 give two examples for the use of the nomogram. One enters the follow-

ing parameters in sequence:

- solar transmission factor of the window area. This factor includes the standard
transmission properties of the glass, the reduction of transmission area by win-
dow frames and the shading effect of building parts, shutters or Venetian blinds.
The total solar transmission factor must be determined (calculated or estimated)
by the designer.

-~ ratio of window area devided by floor area (A
ferent facades are treated additively (Fig. 8

- internal heat source. The mean daily value per m? floor area is used.

/

). Windows in two dif-

Yindow Afloor
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Fig. 4: Calculated indoor air temperatures of a heavy building
construction for different ratios of window to floor area

A JAg: A=50%, B=40%, C=30%, D=20%.
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Fig. 5: Calculated indoor air temperatures of a light building
construction for different ratios of window to floor area

PROGRAM  HELI0S1
LIGHT CONSTRUCTION

Tl o—o
T0 &A—a

I Heavy construction with floor and ceiling of reinforced concrete without
thermal or acoustical insulation on the inner surface, textile floor cover-
ing not thicker than 10 mm, walls of brick, concrete, porous concrete

blocks, etc.

ITI medium construction with floor and ceiling as above. A suspended light-
weight ceiling and light interior walls are possible.
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III light construction using lightweight panels, wood construction, etc. or
heavy construction in which the building mass is covered with thermal or
accoustical insulation.

If the room is furnished very densely, it must be classified in a lighter cate-
gory due to the shielding effect.

For these entries the nomogram gives the predicted maximum indoor air temperature
4%|“~., (Example Fig. 7) or the overheating Ac}(Example Fig. 8).

If this temperature is too high, the designer can either decrease the solar trans-
mittance (more shading, other glass properties) or decrease the window area.

For Swiss climatic conditions, a maximum indoor air temperature of about 30°C is
generally considered as acceptable.

The orientation of the facade is not taken into account in this method because
the calculations show only small differences in the maximum indoor air tempera-
ture for summer conditions. They occur of course at different hours of the day.

0 500 1000 1500
Altitude {m]
V /446986
Fig. 6: Correlation between highest summer ambient air
temperature and altitude for Swiss climatic conditions.
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Fig. 7: Nomogram for solar control (Swiss climatic conditions)
Example A: Mid-zone room heavy construction
Location Zurich D max 33 °¢
Solar transmittance g = 0.60
Window area (south) Aw = 20 m?
Floor area Af = 40 m?
Ratio window to floor area Aw/Af = 50 %
Internal heat sources Qi = 10 W/m?
Result:
Maximum indoor air temperature imax = 37 oc
additional shading required
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Fig. 8: Nomogram for solar control (Swiss climatic conditions)

Example B: Corner room, lightweight construct

ion

Location 1300 m above sea level 1}

Maximum ambient air temperature (see Fig.7)
Solar transmittance of south windows

South window area

Floor area

Ratio window to floor area (south)

No internal heat gains

Solar transmittance of west windows

West window area

Ratio window to floor area (west)
Procedure:
Step 1 - Determine solar gain from south
windows
Step 2 - Determine solar gain from
west windows
addition to determine total gain
Result:
Overheating
Maximum indoor air temperature = 26+3
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SUMMARY

Since the energy crisis in 1973, much effort has been made world-wide for the utilization of solar
energy. In Central Europe, at first active solar systems (collectors, absorbers, etc.) were developed in
constructional engineering. These however, proved to be ineffective in Central European climatic con-
ditions. At present — almost euphorically — passive solar architecture (giving preference to south orien-
tation of glass areas in buildings etc.) is being dealt with. The Central European climate, however, also
set narrow limits on passive solar measures: The criteria of compactness of buildings and of structural
heat insulation are more important. The heat storage capacity of building components is negligible
under Central European (and comparable) climatic conditions.

RESUME

Depuis la crise d'énergie en 1973, beaucoup d’efforts ont été entrepris, dans le monde entier, pour utiliser
I'énergie solaire. En Europe centrale, I'industrie du batiment a d'abord développé des systémes solaires
actifs (collecteurs, dispositifs absorbants etc.) qui, cependant, se sont montrés inefficaces dans les con-
ditions climatiques d'Europe centrale. A présent, d'une maniére assez euphorique, c'est |'architecture
solaire passive qui a la préférence (par exemple orientation vers le sud des surfaces vitrées dans les bati-
ments). Dans les conditions climatiques d'Europe centrale, il y a des limites étroites également aux
mesures solaires passives: les critéres de la compacité des batiments et de la protection thermique de
construction sont plus importants. La capacité d’accumulation de chaleur des éléments de construction
est insignifiante dans les conditions climatiques d'Europe centrale et d'autres pays comparables.

ZUSAMMENFASSUNG

Seit der Energiekrise 1973 sind weltweit viele Anstrengungen zur Nutzung der Sonnenenergie unter-
nommen worden. Im Bauwesen hat man in Mitteleuropa zunéachst aktive Solarsysteme (Kollektoren,
Absorber etc.) entwickelt, die sich im hiesigen Klima als uneffektiv erwiesen haben. Jetzt wird — ge-
radezu euphorisch — passive Solararchitektur betrieben (Sudpraferenz von Glasflachen in Gebduden
etc.). Auch passiven Solarmassnahmen sind im mitteleuropaischen Klima enge Grenzen gesetzt: Krite-
rien der Gebdudekompaktheit und des baulichen Warmeschutzes sind wichtiger. Die Warmespeicher-
fahigkeit der Bauteile erweist sich dabei unter mitteleuropdischen (und vergleichbaren) Klimabedingun-
gen als unerheblich.
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Passive solar energy utilization is only a newly coined word to those who have
always been standing up for climate-adjusted building design. The sun as an en-
ergy source which is practically inexhaustible has always been an eloquent sign
of successful building design in many regions of the world. In particular, the
vernacular architecture in the developing countries is remarkable. People who
often cannot read and write and do not know anything about microelectronics turn
out to be really good master builders.

Since the energy crisis, the utilization of solar energy has also been dealt
with thoroughly in Germany. However, it has not at all been understandable that
in Central European climate solar energy collectors or other "collectors” were
first of all used which are equipments to be put on buildings, in the surround-
ings of buildings or connected to buildings. Real experts have been knowing from
the beginning that this so-called active solar technology cannot be that "active”
in Central European climate. In contrast to this, the passive solar technology
with structural means consisting of climate-adjusted building design and consid-
eration of building physics principles according to the respective climate was
neglected at that time. Within the last few years, however, there has been a
change: The possibilities of passive solar energy utilization in Central Europe-
an climate have been thoroughly investigated; important results are already a-
vailable, some investigations are still going on. Architects have taken up the
passive solar energy utilization intensely, almost euphorically. The users of
dwellings and buildings have also become sensitive in this respect. Manufactur—
ers develop products for the market to be used for passive solar energy utiliza-
tion. On account of recent reports [1] to [6], the scientific findings have come
to a certain close so that they can be put into practice as far as building de-
sign is concerned.

Except special problems, there are sufficient scientific findings available for
practical design work in Central European climate conditions. This design help
cannot be translated into other climatic zones. Vice-versa, design guide-lines
cannot be "imported” from countries with different climatic conditions. For non-
airconditioned buildings in Central European climate, the following general in-
dications can be given:

1. Passive solar architecture understood so far by large glass areas and prefer-
ence of south orientation is only of use for structural heat insulation with
U-values of more than 0.8 to 1.0 W/m2K, as far as the energetical aspect is
concerned. In all other cases, increased glazings with preference of south o-
rientation are not necessary or even disadvantageous inasmuch as the free
choice of ground plans is thus restricted. However, there should not be drawn
the conclusion that an improvement of thermal insulation is of no use because
passive solar energy utilization through windows would then become unsuccess-
ful; absolutely speaking, an increased thermal insulation helps more to save
energy than passive architecture alone.

2. Compactness of a building should be preferred to the utilization of solar
gains by passive architecture and south orientation. Rooms and dwellings situ-
ated peripherally in a building have, as a rule, considerably higher energy
consumption than those situated centrally. Unless aspects of use or daylight
supply are opposed, lower-heated rooms should be situated at the periphery of
a building. This requires careful consideration of ground plans according to
energetical aspects.

3. In existing and new buildings, temporary thermal insulation measures at win-
dows are the best means to utilize solar energy passively. Temporary thermal
insulation is a measure of insulation and has nothing to do with solar archi-
tecture in the sense of solar energy utilization. Temporary thermal insula-
tion is effective with all orientations of fagades. The decision of where it
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should be attached does not depend on solar points of view but on criteria of
construction, investment and use. Thengal insulation glazings of novel type
can achieve relatively low UeFF-values even without temporary thermal insu-
lation.

4, The heat storage capacity of external and internal building components has
practically no influence on heating energy consumption of buildings; it is
only favourable to summer heat protection. If there are sunshading equipments,
the heat storage capacity of building materials need not be taken into consi-
deration for passive solar measures. What matters is their thermal insulation
capacity, i.e. the U-value resp. UefF—value of the external building compo-
nents.

5. The passive solar gains of external building components impermeable to radia-
tion are negligible. Mon-transparent external building components must be
thermally insulated in order to keep the heat losses low; the gains are not
important. Solar gains are achieved by window areas. Mixed forms between win-
dow areas and building envelopes impermeable to radiation are external build-
ing components with translucent covering and possibly with translucent insu-
lating materials, which are to be considered positive.

6. In buildings with average insulation (with Uys77 ® 0.6 W/m2K), passive solar
energy utilization with increased window areas is not very effective - even
with south orientation. Improvements can only be achieved by temporary ther-
mal insulation or by increase of structural heat insulation, i.e. by decrease
of the U-value to about 0.3 W/m2K, which corresponds to good thermal insula-
tion of the fagade.

7. If external non-translucent external building components have a good struc-
tural heat insulation with U = 0.3 W/m2K and if there is a temporary thermal
insulation at the windows, further passive measures are superfluous. By means
of carefully placed temporary covers with different insulating values, the
differences between the various fagade orientations can be compensated. Al-
though in Central European climate preference of south orientation - of sec-
ondary importance in relation to the principle of compactness as mentioned in
point 2 - is quite correct, the exclusiveness of this rule can be broken by
means of temporary thermal insulation measures. In such case, the distribu-
tion of window areas to the different orientations and the size of window ar-
eas need not be chosen only according to aspects of passive solar architec-
ture. There is free choice in fagade design and the windows can be chosen as
up to now according to the specific requirements of use. Accomplished solar
architecture is shown by buildings with completely "normal” shape, which is
not eccentric but simple. The buildings are compact and well insulated; the
windows must have a temporary thermal insulation. An effective sommer sun-
shading equipment is necessary; it should not be forgotten. Apart from thet,
shape, fagade design and choice of materials are free. Reversely, this high
degree of liberty for the architectural design means that "non-normal” shapes
are unnecessary but also possible, if there is good structural heat insula-
tion and temporary thermal insulation. Such shapes are not typical of solar
architecture in the sense of solar energy utilization. In Central European
climate, there is no reason for typical solar architecture as created in the

*The U__.-value implies not only the transmission heat losses but also the ener-
gy gains due to solar radiation, being an average value for the total heating
season. It applies to a special climatic zone. In the English-speaking coun-
tries, it has come into use to specify the (normal) U-value as "black value”
and the effective U-value as "white value”.
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past years with large glazed areas. Obviously, "architectural ideas” have
been borrowed rather uncritically from abroad, especially from the USA. It
would be interesting to check whether such new shapes of solar architecture
are really appropriate over there from the point of view of energy saving.

8. The energetical effect of glazed front structures or superstructures is tc be
rated like a doubling of thermal insulation or like the effect of a good tem-
porary thermal insulation at the windows. However, winter gardens cause prob-
lems of summer heat protection and involve relatively high investment costs.
From the energetical point of view, they are unprofitable. Nevertheless they
offer interesting possibilities of livening up the fagade and of improving
the dwelling quality.

The preceding general indications for practical design work in architectural
projects can be completed, in individual cases, by concrete calculations of heat
consumption or solar gain according to the U_..-method. This method offers a
simple and quick way to obtain data of sufficient accuracy enabling the archi-
tects to take immediate decisions in design. The method is most suitable for de-
signing architects because there is not much calculation work required. If the
solar energy amount - which may be different for each building - is utilized
this way and if it is done by simple means, solar energy utilization will pay
back in many cases. The design help is simple: Temporary thermal insulation at
the window, solid structural heat insulation at the building envelope and, as
far as possible, compact ground plans! Apart from special cases, all other
structural measures are useless in Central European climate from the energetical
point of view. This core result confirming the efforts from the building indus-
try and from building authorities makes clear that in Central Eurcpean climate
structural heat insulation is of primary importance and not solar design. Fur-
ther education on solar design or so-called "solar workshops” are, therefore,
superfluous. On the contrary: There is danger that passive elements from other
climatic zones slip into Central European architecture which do not belong here;
this causes more confusion instead of making the matter clear.
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Wirkung liiftungstechnisch angekoppelter Pufferzonen
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ZUSAMMENFASSUNG

Die Luft, die zum Luften der Gebaude bendtigt wird, kann Uber zweischalige Déacher, Abluftfenster,
unbeheizte Nebenrdume, verglaste Veranden und andere Pufferzonen angesaugt und/oder abgefliihrt
werden. Dadurch wird der Heizenergiebedarf verringert. Eine Methode wird angegeben, mit der die
Einsparung an Heizenergie berechnet werden kann, die dadurch zu erzielen ist.

SUMMARY

The air required for ventilating buildings can be drawn in and/or conducted away through roofs with
two shells, air-outlet windows, unheated adjoining rooms, glazed verandas and other buffer zones.
This results in a reduction of the heating energy required. A method is given for calculating the saving
of heating costs to be achieved.

RESUME

L'air nécessaire & |'aération des édifices peut &tre aspiré et/ou éliminé par des toits & double enveloppe,
de fenétres doubles, des espaces adjacents non-chauffés, des vérandas et par d'autres zones-tampons. Le
besoin en énergie de chauffage peut étre ainsi diminué. Une méthode est proposée pour le calcul de
I'économie de |'énergie de chauffage grace au systéme des zones-tampons.
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Der Heizenergiebedarf eines Gebdudes kann bekanntlich dadurch
verringert werden, daf man die Luft, die zum Liften des Gebaudes
bendtigt wird, zusdtzlich durch mehrschalige AuBenbauwerksteile
oder Pufferzonen stromen ldBt. Beispielsweise kann die AuBenluft
durch den Dachraum eines zweischaligen Daches angesaugt werden
(Fall E); ein Teil der Transmissionswidrme, die iiber das Dach ab-
stromt, wird dann "zuriuckgewonnen". Oder man 1&8% die Abluft,
die aus den R&umen abzufiihren ist, nicht unmittelbar ins Freie
entweichen, sondern fiihrt sie iber den Kanal ab, der von den
Fliigeln mehrschaliger Fenster gebildet wird (Fail R)3 damit wird
dann ein Tell der abflieBenden Transmissionswdrme "zuriickgehal-
ten" /1/. Auch Wintergirten, unbeheizte Nebenrdume und andere
Pufferzonen kénnen auf diese Weise liiftungstechnisch an die be-~
heizten Rdume des Gebidudes angekoppelt werden. Die energetische
Wirkung, die mit einer solchen liiftungstechnischen Ankoppelung
zu erzielen ist, wird im folgenden untersucht.
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Bild 1 Anordnung durchliifteter Bild 2 Anordnung durchlifteter
TuBenbauwerksteile in einem Ge- AuBenbauwerksteile. Zuordnung
baude. Zuordnung der Warmeriick- der Wérmeriickgewinnungsanlage
gewinnungsanlage (WR) nach (WR) nach Schaltung 2.
Schaltung 1.

Mit den liiftungstechnisch angekoppelten mehrschaligen AuBenbau-
werksteilen und Pufferzonen kénnen Warmeriickgewinnungsanlagen in
Reihe (Bilder 1 und 2) geschaltet werden /2/. Diese beeinflussen
sich gegenseltig, und diese Wechselwirkung wird analysiert, um
den gilnstigsten Einsatzbereich eines jeden dieser Elemente fest-
zustellen,

Behandelt werden hier nur Bauelemente, die eindeutig in einer
Richtung durchstrémt werden, wie das z.B. bel liiftungstechnisch
angekoppelten Dadchern und Abluftfenstern der Fall ist. Die Be-
ziehungen werden fiir ein 2-schaliges 4-Scheibenfenster angezeben;j
dieses reprédsentiert wohl den allgemeinsten Fall, auf den auch
alle anderen Fenster sowie die AuBenwénde und Dédcher zurickge-
fibrt werden kénnen. Auf Elemente und groBere Raume, die unge-
ordnet durchstromt werden, wie z.B. Kastentenster, Wintergarten
ue dgl., 8ind die Ergebnisse sinngem&B zu lbertragen. Berech-
nungsverfahren sind dafiir in /3/ angegeben.
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Die Energieverluste des GebZudes sind proportional dem Wdérmewert
(Warmekapazitidtsstrom) des Abstromes /1//4/

w = WL(1 - gﬁ") + WT . (1)

Darin ist der Warmewert des Fsrderstromes ¥ der Liiftungseinrich-
tungen

L T 9, * ¢/Aps (2)

und F.y der Ubertragungsgrad (Rickgewinnungsgrad) der Warmeriick-
gewinnungsanlage. Mit dem Flidchenverhidltnis f = A/AB ist

Wy = k(1 - 22 PP [(xex- 0], (3)

™

der Warmewert (Wérﬁekapazitétsstrom) des Transmissionswidrmestro-
mes je Einheit Bodenfliche (Bruttofliche) Age

Bei den j durchliifteten AuBenbauwerksteilen bewirkt die Durch-
liftung eine Verringerung des Transmissionswidrmestromes. Dieser
Effekt wird in einem Liiftungsfaktor X erfaBt, ebenso wie alle
anderen Effekte, die eine Folge der Durchliiftung des AuBenbau-
werksteiles sinaz die BErwarmung durch die absorbierte Energie
der Sonnenstrahlung; die Vorwarmung der Zuluft, die iliber eine
80ge. E-Fliache zustromt; und auch die Wechselwirkung mit der War-
merickgewinnungsanlage.

An den Oberflidchen der Schalen eines durchliifteten AuBenbauwerks-
teiles wird Warme sowohl durch Konvektion als auch durch (lang-
wellige) Strahlung iibertragen. AuBerdem wird Sonnenstrahlungs-
Energie absorbiert.

k
1.1 _ 1 1 1 1 1 1 1 1
K = —j = + P T = — + } = = +
kK TR KT Xg g Kp ¥y Xg o
1 1 .1 1
oo Rt Xi,g ¥z 2 &gt KT Ke” 2%g,r
w. K- e ok ¢ ..F. G
P =% — (1+1); 1=l -Ke,s,:e_G
kef K2 Xg,c**K,g K - 1 R ~ Ve
c c 2€
- 1 20 — [ ] -:-l-—
ap, = (B=1) 5=+ 255 ¢q = 1,05 (ag ,+&, =+ 85 )24
1 2 1,8
c Cc,=C 20
1 27°1 2
= K —— + I $ ¢, = 1,05 (a, .°%¢, + & )
- g o %, ' 2 ) 8y,¢ "4 7 U8,d xg g

Die Faktoren cq und c,, die die Absorption der Sonnenstrahlungs-
Energie beschreiben, sind hier fiir das 4-~Scheibenfenster ange-
geben. Die Scheiben sind von innen nach auBen mit a bis d be-
zeichnet. Fir Fenster mit einer geringeren Zahl von Scheiben
gelten diese Faktoren ebenfalls, wenn fiir die Scheiben n, die
fehlen, die Durchlissigkeitskoeffizienten<y = 1 und die Absorp-
tionsgrade ag n = 0 gesetzt werden. Analog gst bei AuBenwénden
und Dachern zd verfahren.

Im Falle R ergibt sich - wie in /1/ gezei%t - die Temperatur@h R
der Luft, die aus dem Kanal asustritt, zu (Bild 1) .
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m . IR -VLR 1 - 8.8 1
g = el = 1 - ew (-3 )

Ist die R=-Fléche einer Wiarmerlckgewinnungsanlage vorgeschaltet
(Bild 1), so vermindert sich deren Wirkung. Diese Minderung wird
der R-Fldche angelastet. Damit ist deren effektiver Transmis-
sionswarmestrom

w

- _& L, -
& g = g K -4) = (T =) + g7Fs (g - 7, p) - (3)
Der Liftungsfaktor der R-Fldche ergibt sich daraus zu

+3, W
T = 1. L2 g_ L o(q- 2 - Fs) M . (6)
R 141 Ko f B v/ R

Sind keine Widrmeriickgewinnungsanlagen eingesetzt (do = 0), ist
der Liiftungsfaktor Xp < 1; denn die Durchliiftung verringert den
Transmissionswérmestrom. Diese Verringerung ist umso starker und
der lLiiftungsfaktor X, wird umso kleiner, je groBer der Luftdurch-
satz je Flécheneinhegt ist (Bild 3). Der Liiftungsfaktor Az wird
auch umso kleiner, je geringer der Anteil ist, den der Strahlungs-
austausch zwischen den beiden Schalen am gesamten Wiarmetransport
hat. Deswegen ist es gilinstig, wenn der Strahlungsaustausch durch
strahlungsreflektierende Schichten an den Oberflachen der Schalen
(sog. Infrarot-Schichten) vermindert wird und/oder wenn die Stré-
nungsgeschwindigkeit im Kanal grof und damit auch der konvektive
Warmelibergangskoeffizient & groB ist (Bild 3). Glinstig ist im
Falle R weiterhin eine annégé%nd gleichmdBige Verteilung der War-~
meleitwiderstinde (Wdrmedimmung) auf Innen- und AuBenschale

(Eg = 2)+ Besteht ein Fenster aus drei Scheiben, sollte die Aus-
senschale mit zwei Scheiben ausgeriistet werden. Eine solche Ver-
teilung ergibt nicht nur die energetisch beste Wirkung, sondern
dadurch wird auch die Gefahr verringert, daf sich an der AuBen-
schale Tauwasser niederschliagt.
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Bild 3 Liiftungsfaktor Xy fiir Bild 4 Liiftungsfaktor Xy fir
e -schaliges Abluftfenster ein E—schaliges Abluftfenster.
aus klarem Tafelglas (AuBen- o = 5 W/meK; kg,c =
schales 2 Scheiben; Innenscha- m2K, 1: Klares Tafelglasi
le: 1 Scheige).ecK =5 W/meK; 2...431 mit Absorptionsglas-
Mg,c in W/meK, “'{Pp= O.) Scheiben
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Absorbiert das AuBenbauwerksteil Sonnenstrahlungsenergie, so er-
hoht sich seine Temperatur, und es verringern sich seine Verlu-
ste. Dieser Effekt ist umso wirksamer, je mehr absorbierte Son-
nenstrahlungsenergie an die im Kanal stromenden Luft ibertragen
wird. Der Liftungsfaktor ist deswegen besonders klein, wenn die
Scheibe ¢ (Bild 4), die den Kanal nach auBen begrenzt, aus Ab-
sorptionsglas besteht (Kurve 4 in Bild 4).

Ist der R~Flache eine Warmeriickgewinnungsanlage nachgeschaltet,
ist also @y >0, wird die Wirkung der Durchliftung des AgBenbau—
werksteiles gemindert. Der Liiftungsfaktor kann sogar Xp £ 1 wer-—
den, wenn die Abkuhlung der Luft in der R-Fliche den Wgrmerﬁck-
gewinnungseffekt in der Warmerickgewinnungsanlage um einen
groBeren Betrag vermindert als in der R-Fliche selbst zurickge-
wonnen wird. In diesem Falle ist es besser, auf die R-Fldche zu
verzichten und allein die Warmeriickgewinnungsanlage einzusetzen.
Die Hintereinanderschaltung einer R-Fliche und einer Warmerickge—
winnungsanlage lohnt sich nur, wenn der Liiftungsfaktor Ap < 1
ist. Dazu muB nach Gl. (4) hinreichend klein sein. Das ist der
Fall, wenn die Warmedammung in der AuBenschale konzentriert wird,
und zwar muBl sein:

K, (1 -89 7. (7)

Wird durch ein mehrschaliges AuBenbauwerksteil AuRenluft ange-
saugt (Fall E), so sind zwel Schaltungen mdglich, und zwar Schal-
tung 1 nach Bild 1 und Schaltung 2 nach Bild 2. In der E-Fléche
erwdrmt sich die angesaugte AuBenluft. Diese Erwdrmung wird als
Energiegewinn der E-Flache gutgeschrieben. Dann erhialt man mit
der Abkirzung

*

_ 1 _ _ ]

o= g [1-em (- )] (8)
B E

den Liiftungsfaktor der E~FlLiache fiur die Schaltung 1:

+ w 1 - S
Vg =1 - Ls- L1 Y SRR SIEANC

Sind weder Sonnenstrahiung (8 = 0) noch Warmerilickgewinnungsanla-
gen (J.o= 0) vorhanden, unterscheidet sich die energetische Wir-
kung einer E-Fldche nicht von der einer R-Fliche; es wird

XKp =%y = ZO' Sonnenstrahlung verringert den Liftungsfaktor,

und zwar ist deren Wirkung an einer E-Fliche grdfer als an einer
R-Fliche (Bild 5). Fir den Fall, daB keine Wirmeriickgewinnungsan-—
lagen vorhanden sind, erweisen sich kleine Werte Ky als gﬁnstig
(Kg = 1,7.441,5)+ Die Wirmedimmung ist dann also vor allem in der
Innenschale zu konzentrieren, und die AuBenschale mu8 "dunn"
bleiben. Dann ist es mdglich, die absorbierte Energie der Sonnen-
strahlung zu einem groBfen Tell fiir die Raumheizung zu nutzen,
besser zumindest, als das mit einschaligen AuBenbauwerksteilen
gelingt. Bei sehr groBen Luftdurchsdtzen je Flacheneinheit kann
sogar Xg < O werden (Bild 5). Im Mittel iiber die Heizdauer iiber-
wiegt dann der Strahlungsgewinn gegeniiber den Verlusten, und die
E-Fliache wird zum "“Sonnenkollektor'". Da die Sonnenstrahlung bei
den E-Flachen besser genutzt wird als bei den R-Flachen, sollten
die E-Flachen bevorzugt dort angeordnet werden, wo das Strah-
lungsdargebot groB8 ist. Die Dachfldchen und - sofern sie unver-
schattet sind - die nach Siiden orientierten AuBenwdnde eignen
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sich besonders dafiir. Fenster eignen sich besser als R-Flichen
(Abluftfenster); denn sie absorbieren die Sonnenstrahlungsener-
glie nicht so grut wie z.B. Dachfldchen. AuBerdem ist das Abluft-
fenster im Sommer leichter gegen Sonnenstrahlung zu schiitzen als
das Zuluftfenster /5/.

1

r ‘ I |
—_— X= 5 WinfK
N \ T 'X,lé XE,I SK’C=6 i
R \\izi ESSSE;:*-<§EZEE____
VT 05
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Bild 5 Vergleich der Liftungs- Bild 6 EinfluB des Rlickge-
oren Xy und Xg 4 fir ein winnungsgrades @ der War-
2-schaliges Fenstel. Parameter meruckgewinnungsanlage auf

wie Bild 3. den Liftungsfaktor Xp 4

eines 2-schaligen Fen
sters. Parameter wie Bild 3.

Warmeriuckgewinnungsaniagen mindern auch die Wirkung der B-Fla-
chen (Bild 6)., Die in der Warmeriickgewinnungsanlage erwirmte
Luft kihlt sich u,U. in der E-Flidche wieder ab, wenn der Wert Kq
zu klein ist. Damit der Liiftungsfaktor Xg 4 < 1 ist und die E-
Flache noch einen Nutzen hat, muB sein ?

1 - S
1 - ¢-47’ (1"‘TR)
Fir die Schaltung 2 nach Bild 2 ergibt sich ein Liiftungsfaktor

aL+a w. 1 - aLS _ *
Agye =1 - _—1+11 B = ;j—f( - T)(’* - KE%')TE 11

Bei Schaltung 2 verhalten sich E-Flachen qualitativ ebenso wie
bel Schaltung 1. Anders als A 4 ist aber der Liftungsfaktor
X. unabhingig von T,.; er wird also von einer evtl. vorhande-

»2 nen R-Fliche nicgt beeintrachtigt. Damit bei Schaltung 2
ein Nutzen eintritt, muB

sein. Die Schaltung 2 ist glinstiger als Schaltung 1, wenn Kp
klein ist, wenn also die AuBenschale nur wenig warmegeddmmt ist.
Bei groBen Werten KE hingegen ist die Schaltung 1 vorzuziehen.,

Entscheidend fiir die energetische Wirksamkeit der durchlifteten
AuBenbauwerksteile ist der Luftdurchsatz je Flicheneinheit sowie
die Verteilung der Warmeleitwiderstdnde auf die Innen- (Rq) und
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die AuBenschale (R,), die bei R-Fléchen durch Ky und bei E-Fli-

chen durch K besc%rieben wird. Die durchliifteten Bauelemente

gnd Pufferzonen sollten also thermisch sorgfdltig bemessen wer-
en.

Den Vorzug verdienen durchliiftete AuBenbauwerksteile und Puffer-
zonen in den Fallen, in denen es genligt, eine Zuluftanlage

0d er eine Abluftanlage zu installieren. Bs sind dann entwe-
der R- oder E-Flichen zu realisieren, je nach den Voraussetzun-
gen, die das Gebdude bietet. Bei kleineren Forderstromen konnen
die Investitionskosten einer Warmeriickgewinnungsanlage unwirt-
schaftlich hoch sein; auch dann sind durchliiftete AuBenbauwerks-
teile einsetzbar. Bei sehr groBen Forderstroimen hingegen sind
meistens die Warmerickgewinnungsanlagen wirksamer als die durch-
lifteten Flachen. Wenn méglich, sind sie mit R- und/oder E-Fl&-
chen in Reihe zu schalten.
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AR Temperatur

Js AuBenluf ttemperatur

ﬁi Temperatur der Luft im durchliifteten Kanal
g Raumlufttemperatur (allgemein)

1 mittlere Temperatur an der Oberflédche der Innenschale, die
mit der Kanalluft in Beriihrung steht

Dichte der Luft

Durchlissigkeitskoeffizient des Glases filir Sonnenstrah-
lung

& Abminderungsfaktor, der die Verschattung durch die Umge-
®  bung beriicksichtigt /3/
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Indizes

E Fall BE: von AuBenluft durchstromt

R Fall R: von Raumluft durchstromt

O nicht-durchliiiftet

1 Innenschale

2 AulBlenschale
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Conclusions to Seminar |V
Thermal Performance of Buildings

Ralph SAGELSDORFF
Swiss Laboratories for Materials Testing and Research
Dubendorf, Switzerland

Only little interest was shown by IABSE-Engineers to this seminar
on building physics. There were few papers submitted, even less
authors present in Vancouver and only a small group attended

this seminar. This shows again that building physics has not been
recognized with the necessary degree of importance in the educa-
tion of engineers and in building practice. The working commis-
sion VII "Building Physics" however is convinced of the growing
importance and urges all members of IABSE to contribute and

participate more in this field in the future.

The seminar itself was a Swiss-Australian affair. Two Australian

and three Swiss papers were presented. Prof. Hirst, University

of Adelaide, dealt with thermal design loads for flat roofs. He
showed a method to determine characteristic values of thermal
loads for roof slabs heated by solar radiation. This can be
useful for poorly insulated concrete roofs in warm climates,

but has little importance for the normal roof construction in
cold climates with a good thermal insulation above the concrete
slab. Prof. Cowan, University of Sidney, showed that sunshading

and thermal storage coupled with careful attention to daylighting
and ventilation can result in a substantial saving of energy in
buildings in warm regions, a well known principle which seems

necessary to be repeated. Dr. Keller, Winterthur (Switzerland),

_ proved that private research can lead to new technologies. He
reported on the development of a new window system in "High
Insulation Technology'" (HIT) without thermal bridges and a U-
value down to 0.6 W/m? K, combined with high solar and luminous
transmittance. This will open new horizons for comfort and

building energy management. Mr. Sagelsdorff from the Swiss In-

stitute for Materials Testing an Research (EMPA) proposed a
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nomogram for the easy determination of the maximum indoor-tem-
perature for Swiss summer conditions. A check for overheating
is especially important for buildings designed for high solar
gains in winter. Mr. Sagelsdorff also presented the paper of
Dr. Gass (EMPA) on the evaluation of a micro-computer-based
heating control system for residential buildings. A pilot pro-
ject using such a system was investigated in the city of Zurich.
Extensive long time measurements showed that heating energy
savings up to 25 % are possible. Such savings resulted from:
delivering heat only to the extent of the occupants' demands,
adjusting for their behaviour thereby avoiding overheating,and
giving data for indivual heating bills. There is no question
that micro-computer control will be more and more common in

the future. Further research in this field is in progress.
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