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INTRODUCTION

Background

The Vienna International Centre is a gigantic complex of
buildings. It has accomodation for some 4.000 persons and
it is situated on "virgin so0il" at the edge of the Vienna
townscape. The centre is not connected directly with the
downtown area, the old Vienna, which is enhanced even
more by the fact that there is as yet no underground ser-
vice to the centre of the city, and that a trip with the
tram across the Danube takes much time.

The building complex seems to be more influenced by the
Americar way of life than the European one. The dimcnsions,
the architecture, and the technical systems are unusual in
Austria as well as in other parts of Europe. It is there-
fore a matter of course, that the building produces a
number of issues which, for the individual, are hard to
classiiy and separate, and difficult to understand the
real reason for.

When a building first begins to be used it will always be
subject to critical observations. However, as time goes
by, and ycu grow accustomed to the unfamiliar environment,
most of the negative and positive experiences that cannot
really be attributed to the building itself will wear off
and features that may be necessary to adjust or improve
will remain only.

During the visit in September 1981, our team also noted
that the question if openable windows is only a part of

a larger group of questions, concerning the working environ-
ment within the building and how the pecople working there
experience the building. One particular type of experience
is counterbalanced by openable windows. namely the feeling
of being shut up. The size of the building, the dependence
upon technical installations which ycu cannot influence,
the close corridors at the different floors, etc, of course
enhance the feeling that you have no real contact with the
climate out of donrs.

We have previously stated that our experiences from the
Building Board of small as well as large office buildings
plainly indicate that windows should be openable. We there-
fore sympathize with the complaints that the staff has put
forwara.

Being a complex of buildings, the Vienna International
Centre has also been cequipped with advanced air conditioning
systems. There arc approximately 30 central air conditioning
plants for the office premises, which plants filter the air,
heat, cool and moisten it. The air is then distributed in

the building to so-called window units, positioned under
the windows. These finishing units can cool the air as well
as heat it and the employece working in the room may select

desired temperature within the interval 3 - 40,




Tt is nossible that the systems are rumcurcd to demand more
enerqgy than they really need. The operating costs are indeed
high, but, as the air can be re-treated locally to suit the
requirements of the separate rooms, the enerqy consumption
is still rather moderate, with a view to the high standard
of fered.

It may be of interest to make comparisons with buildings in
southern Sweden, which has relatively similar outdoor
climatic conditions. The VIC building consumed during

the heating season 1979/80 as heating energy 33,3 kWh/m3
building volyme ana as refrigerating energy for the A/c
system ca .0 kWh/m3.The electric power cornsumption during

the same period was altogether 19,9 kWh/mr or 77,7 kWh/m2.

According to statistics conducted the the National Board

of Public Building fcr office builidings in southern Sweden
heating energy was consumed amounting to 30 - 40 kWh/m3.

and electric power amounting to 14 kWh/m3.

Concerning cooling energy it is difficult to compare with
conditions in Sweden.

The normal procedure was, at least for older American
systems, to cool all air in central plants in order to
supply the hottest room with as cool air as required.

The other rooms must then be re-heated to a suitable
level. Consequently, this means that the air is treated
two times, first cooling, and then heating, and this is
expensive. In VIC, it is possible to cool as well as
heat the air locally, and this at least 'imits the double
treatment of the air. As we will show in this report, the
double treatment could be completely eliminated if the
temperature requ’rements for the rooms are somewhat
moderated and the mode of operation changed.

ggrclusion

The study we present here on the feasibility of equipping
the VIC with openable windows, in a manner both economical
and practical, will show that this is possible.

We have focussed the study on the windows of the high

rise buildings. The low rise buildings have windows con-
structed differently; as these constructions already contain
soiutions for openable windows we have not included this
part. The cost estimate is based on 5,000 windows which
figure could prcbably be reduced when oing throush the
estimate in detail together with the Building Man.gement
Staff.

If, at the same time as offering the cpenable windows and
consequently better contact with the climate out of doors,
it was possible to make an agreement with the staff on re-
laxed temperature requirements, primarily during the summer-
time, the enerqgy consumption could be cut down consider-
ably. We have chosen to calculate the conscquences
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of a mode of operation which allows the temperature to"f _cat"
and thus utilizes the thermal dynamics inherent in the
building; the calculations have been based upon a new,
suggested level of requirements. The conclusion of our
calculations is that the reduction of energy consumption

gives a Jdepreciation period for investment in openable windows
of some 7-10 years. No capital cost 1s then included.




SCOPE OF THE STUDY

We have tried in the scudy to examine w.aat the consequences
would be when a number of windows of the multi-storey build-
ings of the VIC are changed to openable windows, or as an
alternative, are fitted out with equipment for direct supply
of fresh air. We have however rejected the latter alternative
at an early stage.

The emphasis has been put on the study of energy consumption
in the buildings before and after the introduction of openatle
windows. We have examined in a great number of calculaticns -
we put forward only a few of these in our report - how diffe-
rent operating conditions and different climate requirements
affect the energy consumption. In view of how the building
functions and behaves, thermally, we suggest new climatic
requirements which we feel the users should be able to

accept if they are at the same time offered openable windows.

Various technical alternatives are presented, with advantages
¢nd disadvantages. The costs for those alternatives that we
recommend are given, as well as the operating costs which
could be saved by using the new suggested modeof operation.
Special attention has been directed to factors mentioned in
the Terms of Reference, for instance architectural effects,
safety and security issues, etc.

As the main purpose of making the windows openable is saving
energy, according to the Terms of Reference, our team has
also examined how it would be possible to cut down operating
costs for the air conditioning plants. We suggest a3 30% re-
duction of the fresh air put in the building which saves
both fan energy and heating energy.

The study roughly contains the following parts:

- visit to Vienna; ca 1 week for interviews and discussions
with the staff of the Bujlding Management and General Ser-
vices;

- comprehensive tours of the buildings to study methods of
work and to learn the reactions of the individuals

- visit to IAKW to discuss construction of windows and visit
to "die Centralanstalt filir Metrologie und Geotechnik" to
discuss climatic data

- examination of the facade constructicn by dismounting parts
easily removed

- cxhaustive examination together with the operating staff
of the operation of the air conditioning plant and possiblc
changes of it

- preparacion of three alternative suggestions for openable

windows - onc of thesce was sclected for further treatment
and preliminary tenders from a number of suppliers/m-nu-
facturers

- calculation of the energy consumption based upon presont
mode of operation, and upon suggested mode of operation

- analysoes ol costs, onoray consumption and poriods ool
Sugaeated noan for o realivation.
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OPENABLE WINDOWS
General

The change to openable windows will affect the appearance
of the facade - its architectural impact -~ the exterior
and the interior.

Aesthetic judgements arealways subjective evaluations

and therefore no general opinion as to the beauty of the
building could be ascribed to all observers. However,

our team is of the opinion that the building would appear
more substantial and distinctive. The facades, that

may appear monotonous today, will be split up by double
aluminium profiles which recur in every three window
module and which contain the openeble window. Each
three-module unit will thus be seen in tne facade and

the impact of the building will be adequate as to its
exterior. To >ur minds, a corresponding positive impact
will be the result also for the interior of the building.

The constructive features of the facade to resist the
static and dynamic forces it was built for, will not be
affected in a negative way by installing openable windows.

Possible problems because of draughts, high wind speed

in the rooms, the consequences when opened windows are forgotto:
and other safety and security details, have been dealt with

by us in that we try to confine the size, as well as put

the openable part of the window relatively high from the

floor. This is shown in figure 1.

The limited open window area moderates the effect

of wind impact and the placing prevents furthermore direct
draught across the writing desk. For the same reason it is
inconceivable that a person accidently should fall out
through an open window.

In connection with this it should also be pointed ouvt that
problems apprehended with regard to openabhle windows must
not be exaggerated. In fact, most people work in buildings
with openable windows, the controrary being an exception.
The problems concerning draught, for exemple when windows
on the leeward and the windward sides respectively are
being opened at the same time, are normally solved

by closing the window. This will certainly also

be the case in VIC. It has been suggested that a disturbing
draught may occur in the long corridors. We believe that
due to the fairly tight doors between room and corridor
amongst other conditions will neutralize this possibility.

An important question is whether the fire protection
property of the building will be impaired. Our team has
consequently consulted the special fire protection expert
available with the Board.
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Building materials are usually classified with regard to fire
hazards based on the number of minutes *he matericl can
resist fire. The external wall in this case has been reported
to meet reguirements for 90 minutes fire resistance.

Glazing in windows is however regarded to have a resistance
equal to zero.

If a window is open c¢r not it is thus not being considered
to be of any importance wcith mentioning as regards spreading
of fire from one floor to another. The probability for the
occurence of fire just in room where the windows has been
left open is neither too imminent. It is even possible to
maintain that the proposed windcew with regard to its frame
sections is a more robust structure which in certain
situations provides improved resistance to fire than the
present undevided pane.

According to our experience the height of a building

has never haa any influence on the design of the external
wall as regards fire protection except that tall buildings
must be constructed in incondustable wall materiels. The
requirements concerning exit routes and fire alarm increase
however. A positive fact as regards fire protection in VIC is
also that the doors and partitijcn between offices and corri-
dor are fire resistant.

As the windows have been put rather high up, we do not think
there will be any problems with occasional gusts of wind.
Draughts in the rooms when weather is constantly windy will
be avoided by the per:on occopying the room by simple
closing the window. The types of windows suggested are of

a kind that caanot be slammed shot by the draught.

As concerns tha2 security and safety issues, we would
refer to similar and taller buildings in the U.S.A. where
openable windows are common. Characteristic of these
windows is that the size is restricted. So for instance
the U.N. Plaza Hotel. Cne might even say that these
buildings have been 2quipped with openable windows to
add to the feeling of security and safety.

A technical description of different window alternatives

We have chosen to examine three t pes of windows:
pivot window, casement window and side sliding windows
(the alternatives are shown in figure 2 page 9).

The alternatives with some kind of equipment for direct
fresh air ventilation cannot solve the problem that
people feel shut up, which would be the primary function
of the openable window. Neither is it possible to show
that the ventilation requirements of the building would
decrease and thus also the energy consumptinn. This
alternative is in addition relatively expensive -

the cost of installtion is of the same order of magnitude
as for the openable window - and we have consequently
together with the representatives of the Building
Management found that these points of view suffice

to reject this alternative as a possible suggestion

for the VIC.

Pivot window

The main advantage of the pivot windew s that bhoth
|

!
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ou:side and inside are within easy reach f6r cleaning.
This kind of window however also has many disadvantages:

- it will not open completely when in the raised posi-
tion

- it is difficult to provide adequate weatherproofing,
especially at the axis of rotation,

~ the construction is complicated and demands exceedingly
elavorate manufacture

- stresses that could result in distortions occur easily
ir the attachment of the pivot fittings

- when the window is open, the draught will easily get
hold of the frame

- the window will affect the furnishing of the rooms,
and interior Veneti-~.a blinds

Hinged/casement window

The casement window has several advantages, the main ones
are that the construction is well-known and weall-tried
and that it is possible to get adequate weatherproofing
by simple means.

The disadvantages of the casement window are mainly :hat
the draught easily gets hold of *he window frame and
that it affects the furnishing and blinds.

Side sliding windows

The main advantayges of the sliding window cra:

- well-known and well-tried construction

- easy to regulate how much the window should be opened
- the position of the frame is not affected by draughts

- furnishing and blinds are affected only to a smail
extent

The disadvantage of the sliding window is the vieather-
proofing, which can be complicated and demands careful
work.

Considerations and suggestions

Double-glazed windows have been used for a long time in
th Nordic countries because of the rouyh climate. The
double-glazed windows were previously easier tc produce
with two separate side-hinged frames, one of which

was opened outwards and the other inwards. In the Nordic
countries we therefore have long expzrience and tradition
in casement windows.

The sliding windows occur to a much agreater extert in
countries with warmer climate, for instance in the
Anglo-Saxon countries. Today however, sliding windows for
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cold climates can be manufactured because of new construc-
tions and materials.

Openable windows improves the out of door contact as it is
then possible to "sense” the out of door climate. A free
view and sounds from outside are qualities that can be
conveyed through openable windows only. From experience

it is apparent that small sliding windows can offer these
qualities satisfactorily and thus counterbalance the
feeling of beeing shut up which easily arises where there
is no openable window.

The ventilation epuipment of the VIC is constructed in

the manner that the air to the room is re-treated and
supplied to the room by window units put under the windows
respectively. lonsequently, during the cold season warm

air is blown on the window from underneath. This warm air
will then also prevent condesation between the casement

and the frame and thus in addition counter-act any in-
convenience arising on account of insufficient weather-
proofing in connection with openable windows. Windows

can today be constructed with broken thermal bridges as

well as unbroken thermal bridges. The most slender profiles
are obtained when using the unbroken thermal bridges but from
energy point of view we prefer windows with unbroken thermal
bridges.

When we have assessed the advantages and disadvantages of
the different types of window we have found that the

sliding window should be chosen. We have therefor also
selected this alternative as a starting-point for the

cost estimates given below in part 5 Costs.

As alternatives for the companies that are invited to hand
in cost and construction proposals we would advocate a
casement window opening inwards and bottoc..-hinged.

Its main advantage is that it is easy to make weather-
proof and it should not be rejected until the complete
statement of costs is clear.

Both types of window shall be manufactured using 4 mm
glass and 6 mm where wind conditions make it necessary.
We have assumed that 10 % of all windows have 6 mm glass
in our cost calculations.
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CALCULATIONS OF EFFECT AND ENERGY REQUIREMENTS
General

As mentioned above, the calculations do not depend upon which
of the alternatives for opening windows is chosen. This is

so as it is not possible to prove and to quantify the
distinctions between the window alternatives in such a

manner as to take the distinctions into account. In addition,
the distinctions are definitely not very big.

This examination must not be regarded as giving exact comput-
ations of what will happen when rooms are aired and when
openable windows are intrnduced. It should instead be con-
sidered to provide calculations/illustrations of what could
happen in a number of imaginary cases based upon certain
selected conditions. Based upon the results from these
examples and experience from a number of similar calcula-
tions it is still possible to come to some conclusions as
shown later on.

The modern air conditioning plant has two main tasks, to
ventilate rooms, and to regulate the temperature during
the hot season. The latter task is the predominant one as
concerns type of equipment, quantity and size of air treat-
ment plants, dimensioning of the size of ducts etc. If the
restrictions were only to meet with hygienic and health
requirements, evacuation of bad smells and carbon dioxide
etc, the plants could be considerably restricted. For the
hygienics ventilation of office premises, the air volume
15 m3/hour and person is sufficient. Within the VIC the
smallest room is at present supplied with 90 m3 fresh air
per hour.

Consequently, if taking into account hygienic and health
demands only, it would be possible considerably to reduce
the supply of air to each room and it is therefore of
interest to examine whether the regulation of temperature
could be arranged in some way which would demand less
energy.

Following up the Terms of Reference and our previous
suggestions, the energy consumption for the present
operational conditions has been compared to the energy
consumption that could be obtained if the requirements
were lowered somewhat during summertime and thus other
conditions for the operation of the equipment were
created. We have selected to propose these new conditions
so that cooling shall no longer be included in the central
treatment of the air. These temperature requirements,
that are less rigid, are not motivated by the ventila-
ting and temperature regulating effect of the openable
windows, but rather by the feeling of contact with the
outdoor temperature and climate which the openable
windows will produce.
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4.2 Bases for calculations

Primary data according to present requirements and mode of

operation

Primary flcs of air 30 m3/h, and window module.
The air is centrally cooled so the
temperature of the intake air to the
window unit is 14 - 17°C

Operating time Daytime operation 06.00 - 18.00

Room temperature Room temperature is adjustable around
220¢ (20,5 - 23,59C). During heat waves
higher temperatures are pzrmitted as
shown in table 1. The table also gives
the number of days annually when denoted
tout' max is reached or exceeded.

Rela’zive humidity 40 - 50 %

Dirensioning Wintertime -18°C 80% RH
stipulations Summertime +32°C 40% RH

(These data are presupposed when dimensioning the equipment,
media lines, etc.)

Table 1 Accepted room temperature (+room) summertime and
number of days anually that the denoted cutdoor
temperature (tout, max) is reached or exceeded.

o)
toutside oc troom ¢ days/year
below 22 22 226-228
22 22 90
25 23 43
30 25 3-4
32 26 0-1
t o
room /%
304-

-
254~ .
cooling
-
starts /‘

! ‘ 0
) ol side

Fiag. b Primary operid vonmode.,




Suggested new primary data - with openable windows

Primary flow of air 21 m3/h, and window mocule
No central cooling of the air; conse-
quently the intake air to the windows
before the window units will add 1°c
to the outdoor temperature in the
summertime (May-September) (heating
in fans and ducts). In the winter-time
(October-April) the air is heated
centrally to +17°C.

06.00-18.00
00.00-24.00

Operating time October-April

May-September

219C (minimum)

during the daytime the
temperature is allowed
to "float" up to the
below values

Room temperature October-April

May-September

Table_2 Accepted room temperature (trgom)summertime and
number of days annually that the denoted outcdoor
temperature (tgout,max) is reached or exceeded.
toutside °C troom ©°C days/year
below 22 22 226-228

22 23 90
25 25 43
30 27 3-4
32 28 0-1
The temperature accepted in the summertime is
consequentlyv raised by 29C.
t °c
room A
304
1
1 coolin .
25+ startsg - '\\‘\~Pr1mary

ordinary _ 4

summerday 4
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Fig. 2 Suggested operationmode summer - with openable windows.




Relative humidity 40 - 60 %

Dimensioning
stipulations As before

Remaining bases for calculations and comments

We have chosen to base our study upon two contrary types of
room, a triple-modular room at the facade facing the north
and a corresponding room at the facade facing the south.

As the final cooling of the air as well as the heating of the
air take place locally in the rooms, it is possible to cal-
culate for the "average" room in view of the different lo-
cation of the rooms and the varying exposure to the sun -

the final result of our energy calculations has been based
upon this average room.

We assume that the rooms examined have the bel>w interior
heat load from:

- individuals 100 w
- illumination 360 W (200 W is proposed)
sum total 460 W

The flow of air is at present 90 m3/h - in the new proposal
it is assumed to be 63 m3/h.

The calculations illustrate what possibilities there are
to reduce the present cooling capacity, by reducing the
primary flow of air to 7C0% of the present flow as well as
by letting the fans operate the whole day and night during
the summertime and not cooling the primary flow of air.
The fans are switched off during nights and week-ends

when the selected lowest temperature of the exhaust air is
obtained. This mode of operation utilizes the capacity of
the relatively heavy concrete structure of the building

to absorb Leat and give heat respectively. To make this
dynamic process go on functioning through the day and
night, we must also presuppose/accept the "floating"
temperature denoted above by the primary data.

All air is at present cooled centrally to appr. 14°C.
Consequently, rooms facing the north and rooms that do
not get any heat load from individuals in the daytime will
occasionally be cooled to a temperature below the desired
temperature. The air heater of the window unit will then
be activated and the air is then heated to the set level.
This of course results in an exaggerated energy consump-
tion. This undesireable pre-cooling as well as reheating
in the summertime has been rejected in our proposal as we
assume that the above data can be complied with without
having to, at any time, resort to cooling of the air in
the central plant.

In our calculations, we have also taken into consideration
increased unintentional ventilation on account of the
openable windows.
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The result is given as the difference in capacity and
enerqgy requirements for operating fans, heating and
cooling between the present mode of operation and the
suggested mode of operation.

The computer evaluations have been made using a computer
program designed by the Swedish building research. For
more detailed information on this program and experiences
from it we refer you to the article in annex 1.

Calculation results

To begin with we discuss the summertime case.

The average twenty-four hour temperatur during the
summer months is assumed to be normally distributed
around the average monthly value. The standard deviation
is appr. 3°C. The frequency of different temperature
levels has thus been determined. The temperature varies
some + 50C around the average twenty-four hour value
from night to day. Table 2 shows the heat balance for

a room facing south at various times of the day and

for the whole day and night. It can be seen in the table
how the heat is supplied and evacuated by the present
mode of operation as well as the suggested mode of
operation. For these calculations a heat wave with sunny
weath2r and an out door temperature swing of 25 + 5°C
has been presupposed i.e.quite extreme conditions with

a statistical frequency of once a year.

Tabel 2 Heat balance for a _room_facing_south
J o"clock a.m 11 o“clock a.nm 8 o“clock a.m day ana night
mode of operat. mode of operat. mode of operat. mode ¢f operat.
present sugg”d present sugg”d present sugg’d present suqq’d
Qmass 73 +275 -204 -398 +4 +13 +13 +9
¢sun 0 0 +1054 +1061 0 0 +300 +302
tye 26,2 25,4 24,0 27,0 26,9 28,1 26,5 26,3
Symbols:

Qmass heat to/from walls, floors and roofs, W
Qsun solar heat through windows, W
ty temperature of air in roorm

A complete heat balance is shown in app. 4
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Figures with + sign denotes that the room is supplied
witl. heat and consequently, figures with - sign that
heat is evacuated from the room. It is apparent that the
heat leakage from the sun through the window is the
major and dominating intake of heat.

By the quantity "Q-mass" the great importance of the
night ventilation for the whole twenty-four hour process
can be seen. At three o“clock in the morning there are
only two small items in the heat balance as concerns

the present system - 73 W is transmitted through the
window and as much as that is also emitted from the
building construction (walls, floors and roofs). No
noticeable cooling of the room takes place by this small
effect. Much more heat is taken from the construction

in the suggested mode of operation - 275 W. At 11 o“clock
in the morning when the load is great, the building con-
struction will absorb appr. 400 W as compared to only
half of this amount for the mode of operation with no
cooling during the night. The great advantage with so-called
"floating" temperatures is this explained.

By the item "Q-mass" is shown the heat that has passed
through the exterior wall - as levelled out over the
whole day and night. As the wall is heated by the sun,
an increase of heat is obtained - this is however of
little importance (appr. 10 W as compared to the heat
leakage from the sun through the window of appr. 300 W).

Week-ends and holidays

With possibilities to air the rooms, the room temperature
could normally be kept at an acceptable level without

having *to resort to cooling as the fans are assumed to

be operating also during week-ends. During for instance

a sunny Saturday when the outdoor temperature is 20 + 5°C,
the room temperature of rooms facing the south rises from

23 to 289C during the day, and of rooms facing the north
from 23 to 26,5°C. When making the calculations we have
presumed that the airing summertime of the rooms corresponds
to 1,5 rerewals of the air per hour.

During heat waves, the building could probably be "pre-
pared” for usage during the week-ends, by lcwering the
temperature level on Fridays. The temperature increase
could then be kept within the limits given above during
Saturdays without having to start the cooling plants
outside normal office hours. In this manner the high
extra costs that are now debited for the operation could
be reduced.
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Energy requirements

We have given account of a calculation for an ordinary
room facing the scuth. Several calculations of this kind
have been made based upon different assumptions with the
purpose of examining the function and thermo dynamics of
the building. We have then summarized the energy require-
ments for cooling, heating and fan operation, based upon
the calculation results and information on climatic data.
As mentioned above, we present the result for the "average"
room.

Tabel 3 shows the difference in energy consumption that
our calculations give between the present mode of operation
and the suggested one. The -sign signifies reduced energy
consumption and the +sign signifies increased energy
consumption.

We assume  that during the winter the unintentional ventila-
tion as an average increases by 0.25 renewals of the air/h
on account of the openable windows.

In order to make this base for the calculation more under-
standable we provide the following example based on the

average room and average temperature during the cold
season.

Airing during the winter season is assumed to mean about
one change of fresh air per hour. If for example in the
average room the window is left open for one hour per

24 hcurs each day during cold season 60 kWh per annum
are consumed.

Table 3 on page 19has been calculated for 120 kWh per
annum for desired ventilation in the winter. This means
for example that for each room is assumed airing for

2 hours per day or that every fourth room has a wirdow
open for airing during the entirely office hours each
day. According to our opinion this assumption is on the
high side and includes also energy consumption due to
leaks through leakeness.

Another few examples may te illuminating fcr what may
happen.

Increased energy consumption (as compared with table 3)
if every 15 window is left open during night time due
to neglect will be about 95 kWh per annum.

Reduced energy consumption if the staff air every third
room for one hour each day and one window in thirty is
left open during the night due to neglect will be about
50 kWh per annum.
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Summarily it may be established that farily considerable
changes 1n the assumptions conceraing f:equency of airing
and a number of forgotten open windows do not cause such
dreamatic changes in thc consumption of energy that the
final results are completely distorted.

Tabel 3 Difference in energy consumption for the "average"”
room between the present modz of operation and the
suggested one.

Energy Cost Cost AS/year

Measure kWh/year AS/kWh (jan. -82)
Fan_operation
- reduced flow of air

in the wintertime - 60 1,80 - 108
- reduced flow of air - 30 1,65 - 50
- increased operating

time summertime + 30 1,40 + 42
Heating
- discontinued post-

heating summer - 60 0,80 - 48
- increased unintentional

ventilation winter + 120 0,80 + 96
Cooling

- reduced cooling
on account of floating
control - 400 1,05 - 420

Reduced energy - 400 Reduced cost ca 490 AS/year

The following comments should accompany the table.

The reduced flow of air reduces the fan. operation in the
wintertime. This reduction is neutralized during the
summer as the operating time then is longer. The dis-
continued central cooling of the air is of great import-
ance. In the first place, the energy consumption for
cooling is very reduced, and in the second place, the
need of post-heating in the summertime disappears.

To sum up, it is apparent that the fan energy consumption
and the cooling energy consumption decrease. The heat energy
gains is however counteracted. The heat consumption will
increase on account of unintentional ventilation winter

time which we assume will depends on open windows and less
efficient weatherproofing.

In all, the energy consumption decreases by 400 kWh per
room and year which corresponds to the cost 490 AS/annually.
These savings can be made at the cost of having to accept
that the room temperature during 3 or 4 days anually

rises to 27 - 280C.




hir temperatures near a fagade exposed to the sun

Wwhen there is no wird blowing and the sun shines con-
tinuously, the surface of the fagade gets hot and occasions
a hot upward air stream. In extreme cases, the temperature
of the surface of the fagade could theoretically be 25
higher than the environs. The speed of the air current
increases by the altitude. At for instance 100 m, the
maximum speed within the bocundary layer will be ca

5 m/sec and the thickness of the bhoundary layer ca 2 m.

The layer is consequently broken down already at low
wind speeds. It might be interesting to know how the
air that leaks into the room will affect the temperatures
that we have discussed previously.

Taking into consideration that the air speed at the

desks must not be too high, the individual will limit

the leakage air flow with his sliding §hutter. We assume
that this air flow will not exceed 5S0m~/h during normal
working hours. If we make the reasonable assumption that
the temperature of the leakage air is 6° hicher than the
temperature of the air in the room it will give a heat
contribution of 100 W to the room. The figure 6°C is
reasonable as the air layer closest to the fag¢ade is
constantly being mixed with air with outdoor temperature.

The effect 100 W to the room is insignificant as compared
to the ca 1,000 W which is provided by the sun radiation
through the windows. The cooler of the window unit in
the room has extra capacity which can cope with the
additional heat contribution of 100 W even at the reduced
flow of air that we assume. At the very rare occasions
when the wind speed is nearly 0 at 100 m, the air close
to the fagade could however be heated to 20° above the
temperature of the air in the room. However, we think
that the staff will probably close the windows at these
rare occasions when there could be some discomfort.

Technical aspects on introducing openable windows

One aspect which is important in tall buildings and

which we particulary examined is the risk that there
should be so-called chimney effects in the buildina which
is apparently now very weatherproof. There have also
been gquestions if the ventilation system should become
unbalanced.

We think the risk for "chimney" effects should not be
too difficult to eliminate. These effects are found
mainly in connection with the staircases of each build-
ing (4 staircases per building). The proofing between
the floor plans and these staircases are not sufficient.
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The draught preventing strips will have to be adjusted
and exchanged for almost all doors facing the staircases
(appr. 650 doors). This will not effect the fire venti-
lation system. We only speak of those doors already
equipped with preventing strips but not enough efficient.

We find there is but little risk of the ventilation system
becoming unbalanced. The drop of pressure between the

duc system and the room, which drop is mainly in the
window units, is big enough to keep the supply air volume
steady. This can be changed by reducing the air flow in
one system.

Possible discomfort caused by draught in the ccrridors
will as previously stated hardly occur.
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COSTS

Costs of investments

In this case, it will not be possible to calculate in a
neutral manner the costs of investment starting from cost
statistics based upon experience, as can always be done in
the case of rew buildings. We have therefore contacted some
possible suppliers/subcontractors to get preliminary offers
of 10 trial windows as well as 5,000 windows including all
costs for installations, travel, daily allowances, etc.

A 5-year guarantee must also be included. We have so far
received 6 replies. ‘ '

The price that we have received, except one, relate to
sliding windows; they are however of varying type. The cffers
are based upon broken therwal bridges and unbroken thermal
bridges.

The price for 10 trial windows varies from ca AS 10,000
to AS 15,000 per window. For the delivery of 5,000 windows,
prices from AS 6,000 to 8,500 are offered.

As mentioned above, the doors to the stair wells must be
adjusted and made draught-procf. If this job is carried
out on contract, we estimate the cost for it at

AS 300,000 - 350,000. We however think it would be
suitable to use staff from the Building Management for
this job, if there is time enough. The cost for materials
used would be some AS 40,000.

To this should be added costs for projecting the purchasing
basic documents, for evaluating the offers and tests,
administration etc. The extent of the job has to be discussed
with the Building Management.

The setting of the air treatment and heating plants should
best be made by the Building Management Staff. We have not
attempted to assess the amount of time this setting would
take;however we have in table 5 page 23 made a rough estimate
based on our experience from similar buildings.

Annual costs

We have attempted a cost benefit analysis in this part.

We have considered as costs the investment in windows,
draught-proofing of doors to the stair wells; adjusting and
setting the ventilation plant; adjustment of heating systcm;
increased maintenance for windows (change of sealing strips,
etc) .

The "benefits" consist in the energy saving which has becen
described in part 4, and which in all amounts to 400 kWh/
year for the "average" room.
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We have assumed that for energy costs and maintenance
costs, the annual increase in costs is 15 %. As agreed
with Mr Eiblhuber no cost for capital is included.

The result of the cost/benefit analysis are given in
tabel 4. The cost savings that originate in the reduced
consumption of energy can give a depreciation period of

some 7 - 10 vyears.

Table 5 Cost/benefit analysis
cos™s
Investments

5 000 windows

Adjustment decors and
some shafts

Adjustment ventilation
Adjustment heating

Administration

Investment total

Annual costs

Adjustment windows,
weatherships 1 hour
1 000 windows,'year

Adjiustment draught-
excluder doors

Increased heating energy

from p 19 5 000 x 96

Increased fan operatirg
time from p 19 5 000 x 42

Annual cost total

BENEFITS

Reduced cooling energy
from p 19 5 000 x 420

Reduced fan energy
from p 19 5 000 x 158

Reduced heating energy
from p 19 5 000 x 48

Annual bencfits total

Investment /1 Q00 AS

24 000 - 40 500
400 - 450
600 - 1 000

1 000 - 1 500
300 - 750
26 300 - 44 200

Annual costs/benefits AS

000

000

240

- — o —

790

130

—— - ———

000

000
000
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BENFITS NET

Benefits net will be 3.130.0C0 - 890.000 = 2.240.000 AS.
Beneliits net accumulsted if the annual increase in costs
is 15% are shown in the following table.

Number of vears Benefits net accumulated 1000 AS
3 7.770
5 15.100
7 24.800
10 45.400
15 107.100
CONCLUSION

Total investmens is 26.300 - 44.200 (1000 AS)

If no capital cost is included and the annual increase
in costs is 15% the depreciation period will be 7 - 10 years.

COST/UNIT

AS 15,000

AS 10,900

AS 5,000

AS 8,500

AS 6,000

' f L
r 7z

10 200 500 1000 5000
NUMBER OF WINDOWS
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PERFORMANCE - SCHEDULE

It should be obvious from the above that it is not really
possible in a study of this kind .> point to all conse-
guences nor to produce all facts needed for the final
decision of such a large investment and also such a large
intervention in the building as an inrctallation of

ca 5,000 openable windows would be.

Our team has therefore examined alternative pians for
per formance which contain full-scale tests to varying
degrees.

As one alternative, we would suggest that a technical

test is made, based upon 10 trial windows - of two different
constructions if possible -, during a period which should

at least to some extent also contain wintry weather. This
test could provide answers to problems with for instance
proofing, thermal bridges and possible icing in extreme
weather conditions, and other similar technical aspects.

It will then also be possible to make objective observations
of how .he flow of air in the rooms is affected.

of the behaviour and reactions. This kind of test should
have the same limitation in height and floor area as a
central air treatment plant. The test should examine the
reactions of the staff to the altered mode of operation
with less rigid temperature requirements above all in the
summertime and how these alterations are coped with as
it will then be possible to open the windows to let in
fresh air. The number of windows needed for this kind of
test would be appr. 220 if the test is carried out in

two different office towers.

Another test could also be made, being more of a survey [

We have separated the stages of the performance plan
thus:

- projecting, including a survey of all premises in
question where windows will be changed

- contacts with suppliers and manufacturers, drawing up the
basic documents for purchasing, which should be based
upon a summarized description of the construction and
also the terms to be applied to the contract work

- analysis to tenders

- evaluation of tenders, visit to factories (if necessary),
and purchase of 10 or 220 trial windows with option on
the total contract work. Consequently, roughly all ne-
gotiations needed for purchasing all 5,000 windows are
carried through on this stage. It shall also contain
the possibility to break the agreement if the test
window from the planned manufacturer does not come up
to the expectations




- manufacture and installation of test window
- test period

- tests are evaluated, the agreement is changed if
necessary, and the decision to carry through the
contract work is taken

- manufacture of windows '

- installation of windows; this tage is to some extent
parallel to the manufacture of wiriows as the number
of windows to be changed is very great and it will not
be possible to install them all at the same time.

If the tests are limited to cover only technical tests

of some ten windews (alt. 1), our estimate is that the
per formance - that is, the installation of 5000 windows -
could be finished by the summer of 1984.

If the test period with 220 windows is also included
(alt. 2) in order to examine the staff”s reactions to the
new situation, then the completion will be prolonged by

4 months. We then assume that the first test period could
be somewhat shortened.

The alternative we suggest however (alt. 3) is one test
period with 220 windows. The installation could be finished
by the end of the summer, 2 months later than altl. 1.

This alternative 3 would be possible with a careful and
serious evaluation of tenders (including studies of proto-
types) .

The performance plan here briefly described has been
compiled in the sthedule (alt. 1 and alt. 3) in annex 2.




7 SUMMARY - RECOMMENDATION

As we pointed our by way of introduction, this examination

: indicated that it is possible to equip the VIC with openable
windows in a practical as well as a tolerable economic
manner.

We would like to sum up the recommendations of our team in
the following points:

- side sliding windows should be chosen as window construc-
tion alternative. The alternative with bottom-hinged
window should however not be rejected until the costs
have finally been examined,

- the decision of carrying-through should be based upon at
.. least one full-scale test. We suggest a test of some
220 windows where both technical aspects as well as
behaviour and other reactions are studiead,

. - the current temperature requirements should be less
rigid and consequently the accepted temperature in the
summer be raised by 2°C

- the capacity of the realtively compact building to
absorb and give heat, its thermo-dynamics, should be
made use of by in:rvoducing "floating” adjustments of
the temperature.

The energy analysis shows that by using be suggested
mode of operation, it is possible to save appr. .400 kWh/year
for the "average" room, which corresponds to 2000 MWwh/year
for the whole VIC. The corresponding saving in costs
is AS 2 240 000/year. We assess the total investment for
5000 windows to AS 26.300.000 - 44.200.000. For 220 test
windows the investment would be 1.200.000 - 2.000.000 AS.
If no capital cost is included and the annual increase
® in costs is 15 % the depreciation period will be 7 - 10 years.
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Engelbrekt Isfilt *

Wirmespeicherungswirkung in Gebzuden

Die thermische Speichertirkung in Gebduden spielt bei der Dimensionicriong luft- und klimatechnischer Anlagen eine emscheidende
Rollc. Die Vorgange sind mur schiwer einer rechnecrischen Behandlung zngiangig. In der vorlicgenden Untcrsuchurg werden Berech-
nungen vorgestellt, die am Lehrstuhl fiar Heizung und Liftung der Kéniglich Techmischen Hochschule Stockholm durchgefiihre
sourden. Der Einfluf der Wirmespeickereffekte auf das Raumklima wird an cinigen Beispiclen erldutert.

Heoat Storage Effect in Buildings

The thermal storage effect in buildings is of decistve importance for the sizing of air and climatic installations. The processes can
only be assessed with some difficulty by caleulations. In the following investigation calculations are put forward which were per-
Jformed at the Department or Heating and Ventilating at the Royal Technical University of Stockholm. The influence of the storage

cffect on the climate of the space is explained by giving examples.
Effet de I'acc lation de chol dans les immeubles

L'effet daccrumulation thermique dans les immenbles joue un réle déterminant dans le calcul des installations de ventilation et de
conditionnemcnt. Les procédés sont seulement accessibles é aide d’un traitement par Iz calcul. On présente, dans I'érude dong il est
question, des calculs qui ont été effectués par la chaire de chauffage et de ventilation a Iécole supérieure technigue yoyale dc Stock-
hobm. L’influence des eff ets de I'accumulation de chaleur sur le climar anbiant est expliquée a 'aide d= quelques exemples.

Das Klima in Gebiauden wird von vielen Faktoren beein-
fluBt, dercn Zusammenspicl von duBlerster Vielfalt ist. Die
Erfahrung von Jahrhundcrien hatte zu Gebiuden gefihrt,
d.e gut an das jeweilige Kiima ang. paBit waren. Dic in Jetzter
Zeit notwendig gewordenen Rationalisicrungsmaftnahmen
fihrien jodoch zu Koastruktionen, wo dicse Erfahrungswer-
te nicht mehr ausgenuizt werden konnten. Hierdurch sind
Schwicrigkciten aufgetreten, besonders bei zu hohen Innen-
tempraturen, ausgeldst durch Wirmeperioden. Vicle Riick-
schlige in dieser Hinsicht haben es notwendig gemachrt,
Gegenmafinahmen in Form von verbesserter Lifrung, oft
mit Nuhlung, zu treffen. Wegen der Kompliziertheit und
aufgrund der fechlenden Dimensionierungserfahiungen, ist
es hiiufig zu Uberdimensionierungen von Klimaanlagen
gekommen, Erst die Ausschdpfung aller Hilfsmoglichkeiten,
die der Computer bietet, hat es inzwischen erméglicht, die
Einwirkung verschiedener Faktea auf das Raumklima bis
ins Detail zu analysicren, Das Ergebnis ist in diescm Artikel
durch vinige Beispiele dargestelle.

Die Berechnungen, die hicr dargestellt sind, wurden mit
Hilfe der modernen Dara-Technik an der Koniglich-
Technischen Hochschule Steckbolm, 1.chrstehl fur Hei-
zung und Liifiung, durchgefithri. Die Arbeit wird durch
staatliche Unterstitzung gefordert.

Die Forschung begann vor ca. 15 Jahren, also zu cinem Zeit-

punkt, du man begann, sich fiir dic immer hober steigenden
Tnnestumpueraiuren 24 fnteressicren. Alle uenitigen Appro-
vimaiiven sollien mmoglichst sermicden werden. Herr Dr.,
Gista Brozr stellte seinerzeit die theoretischen Berechnungs-
unterlagen aof [1, 2],

Der Imgwellige Strahlungsaustaucch zwischen Raumflichen
isg mit dain Gueserz von Srcfun Belziann -~ T 4-Gesetz -—
ceeechaet. Borechaer ist puch die Varieilung der Kurzwelligen
Sonncnstrahiiung mit Rickacht suf die Reflexionsfihigkeit
der verschic Tewn Fliichen,

Konventive Winaciileigmgseahlen sind aus den herr-
woheaden Toaperastoeverhilinissen vovehnet, Sie vind ver-
sohieden fin Decken, Fufihaden und sonkale Flichen,
Dyic Winmcterunmg in Wiindzn eod Deckan istsuir Filfe dor
iffcremiaisicichung vono Fowdor monncrisch Bohandedr,

T don Raechnsngaenicibaen sind cine Rihe ven Berif.
fon kvt mTenatisch heschrieh aound aeie der Wiske

Bohkeit in Viaklang gebaache, 2, B0 Fooaden, Fenseer,

Hoetanchnme quellen, e tuper ete, Die ol oarisoie
Bohaodtane und micechioelle Peaboiiomeg der sebr wme
ficoden Bocehamervuae s hisen worde der Landige
Moarcdon L o I e i Tae Mo notib e
oaend, dor i ofion T st o Ton Ceapu-
I AN VEE NI ST AT T B ATH A TP S

wergebietes cine gute Position hatte, zu Rate gezogen. Fragen .

von rcin mathemnatischem Charakter wurden von professio-
nellen Mathematikern untersucht. For die Programmierung
und maschinelle Bearbeitung war scinerzeit Herr Dr. Axel
Bring zustindig. Er hatte zu der Zeit durch scine Arbeirt
mit Wetterprognosen dirckie Erfabrungen von gleichartigen
Problemen, nimlich grofic Systeme von nicht-lincaren
Differenzgleichungen. Die Angestellten sind jerzt auf die
Industrie und Universitit verteilt. Eine klcine Gruppe, in
der sich auch Herr Dr. Axel Bring befar2, grundete die
Firma A. B. Data-System. Diese Firma baute selbst den
Computer ,,TRASK*", der im Institut fir Atomphysik in
Stockholm instalfiert und spiter von Institut erworben
wurde. Spater baute die Firma A. B. Data-System cinen
acuen Computer: ,, TRASK 2", Die Firma hat in den letz-
ten Jahren mit schr avancierten Auftrigen gearbeitet, be-
sonders hervorzuheben <ind einige Kompilatoren u. a.
SAAB:s ALGOL-GENIUS sowie cinc op:imale Spczial-
planung fir die gesainte Produktion Jer LKAB (Staatliche
Schwedische Fregruben Gesellschaft) pp.

Durch 1errn Dr. Brings Finsatz erhiclien die Programme
von Herrn Dr. Brocoa cine Audfithrung, dic in viclen Punk-
ten Tdven vorzeigt, welche noch heute oft als datatechnische
Neuheiten lancicrt werden. Das von Anfang an sehr ambi-
tids grplante System hat sich durch Jahre hinduch stiindig
erwoitert und carwickelr, tad 2war in der Zusamimenarbeit
ewischen Data-Sy-rem unid Jdein Lehestubl fie Heizung und
Luftung an er Koaiglich-Technischen Haochechule in
Stockhoim. Deor ur pringliche Progranmyverfacser ist als
Vorantwortlicher fiir das Projeke geblicben. Die Verteile,
die dadurch entstanden sind, versteht jeder, der mit Compu-
terfragen zu sun har. Mcehrere Computer-Progremme fir
Wiirmz- und Kilreberechaungen werden an versdhiedenen
Osten der Welt entwickelt, Doch oft etz inan & Diff-
renzherechnungen mit Formeln, die JQurch Verein?s " angen
2 Ergebnis filiren. Aich dic Wirmseiibanoag,ang von
Rounrfachen wivd oft miit veremfo liten Methioden Lerech-
et Der Gebivuch solcher Prograrune muf «ohre kritisch
conandbabr werden, da die Enzcbaisee nur noier gewiswen
und begrenzien Vorausccizmngen saveriitedg sind (3.
Ein Veeploich dor Bogelofae verschicdener Prosamme,
was e Kokl Lol G don gleichon Fall Do, vande
anf Vermboseng der REEVA duehoefuhon Das Vageb-

wis svigie fast bonsraptole Uniooschivde snl chen Jden

el cinen Bes S nechodan (1.
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dicser Hinsicht erthilt man, wean die Ventilatoren wih-
rend der Nacht arbeiten. Iine Voraussetzung fiir cine sichere
Temperatursenkung, damit cin vertrigliches Innenklima
geschaffen wird, ist, daB8 dic Wirmeiibe, fiihrungen zwi-
schen der zugcefithrien Auficnluft und Decke cffcktiver ge-
macht werden. Dieses kann durch richtig aufgeteilte Kanile
in der Decke erfolgen, die mit AuSienluft durchstromt
werden.
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8id 7 TempergturverlGufe beim Transport der Luft durch Betonkandle
der Hohldeche

Abb. 7 zcigt schematisch, wie die AuBlenlufitemperarur-
Variationen durch das Passieren der Kanile verdindert
werden. Die Kurven werden seitlich verschoben und die
Schwingungen stark gedimpft. Wenn keine Wirme zu den
Oberflichen der Docken durchdringt, haben die Schwin-
gungen den gleichen Mittelwert, d. h. diec Auflentemperatur
-= Tages-Mittclwert. Die Temperatur der Decke wird am
Tage uniter der Raumlufitemperatur liegen. Die Steigerung
der Rauritemperatur wird gchemmt. Auflerdem ist die Zu-
Juft nact dem DPassicren der Kanile grofitenteils wihrend
der Arbeitszeit kilter als dic AuBlenluft, was auch dazu bei-
trigt, die Kaumtemperatur auf cinem guren Niveau zuhalten.
Abb. S und 9 illustricren den Unterschied der Temperanur-
serhilinisse in einer warmen Periode, wo dic Zuluft zum
2um auf traditionelle Weise erfoigt und durch vorherge-
nannte Kanaldecken. Die Voraussctzungen sind aus nach-
stchender Aufstellung ersichilich:

Rovmmaf:
8r

Tiefe

Hcohe:

chea Doppellenstern

’ “weénde:
Auflenwaond: fescht & o= 0,6 Wim? ¢C
threnwiinde: Gipsplatten auf Ricgeln
Unterdecke: Bei der herkammmiichen Auvsfuhrung 3 em
1 Llierveolle ,
Lultmenge: 160 in*/h Module Tag und Nacht

350 W von B.OO Uhr -~ 17 00 Uhr
Juli, Suden, klares Vieter,

Parienerwirme:
Sonrenstriblong:

Das herkimmliche Zulufisystem, ohne Kiuhlung, crgibt
{Abb. 8) eine Ramutemperatur, dic withrend der . rbuirszeit
dber 23 °C und wiliend 3 Standen diber 29 °C Tliege.
Raumtemperatur vt hicr Jefiniert als dor Mittehwert der
Luftremperatur und der Deckentliche,

Poreh die Zofobr von SeZentaft in dic Hobldecke {siche
Abb, 9y g dic Kinceion oo mperatur withioond 4 Stunden
dor Saboitszdit noter 25 C, vnd der s, Wet itheraaeigt
Feine 26,5 2C. Nochdan die Resechnnngen fir cine acfler-
g beliche Wiinmeperiode anir der moass Soflenfuftnon.
poi o venomax, 28 70 gl (Frogquensz in Stockbolm zaei-

Dis docind jatainchy, sind Gicees Woerte, (ic irin ohine
Zwetfel b cpticien . Vine Kilomasehine in diesom
Follnichn cuempfihlon,
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Bild 9 Temperaturveridufe beim Transport der Luft durch Belonkandle
der Hohldecke

Die beschriebene Methode, die thermische Trige der Dak-
ken fiir cine Khimnatisierung in zukiinfiigen Gebiuden aus-
zunutzen, wird an Modellen (in Naturgrofe) in Stockholm
am Lebrsiuhl fir Heizung und Klimatechnik an der K-
niglich-Technischen Hochschule durchgzfihrt. Fir die
Berechnungen wurde cine spezielle Version des Computes-
Programines von Herrn Dr. Browen entwickelt. Fragen ver-
schiedener Faktoren, wie Lufrmenge, Wirmceiibergangsz.hl,
Kanile in Decken und deren Placierung, Isolierung usw.
in bezug auf verschicdene Fille, werden weiterhin erprobr.
Dar Projekt wird von ciner sctbsiindigen Techniker-Grup-
pe, dic vom schwedischen Ausschufy fiir rechnische Ent

wicklung unterstiitze wird, betricben, Mitglicder der Grup-
pe sind u. a. wkn. Lic. L. O. Andcrsson, civ, ing. Avel Rosell
und der Verfasser. Eine Firma aus dem Bereich der Hei-
zungs- und Klimatechnik setzt sich dafir cin, dafl dicse
Methode zur praktischen Anvoendung komnt,
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Einfiu8 von vereinfachter Fenstercharakleristik

In Abb. 1 wird gezeigt, was einc Vercinfachung der Berech-
nung cines Fensters bedeutet:

Die Kurven geben den Kiihibedarf eines 'Rawx.cs an,
der iber cin Thermostat gesteuert, 22 °C anzeigr. Dic
gleichen Vorausscrzungen gelten fur beide Kurven:

36m
SOm

26m
46 m*

10 cm lsolierwolie auf Riege! mit leichier
AuvBen- und Innenbekicidung

Innenwend : 10 e Beton

Hehiheton, Gewicht 325 hg/m®

123 6°C .

Stackholm, Juh, Siden, klares Wetter
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Biid 1 Der Kiltebedarf am Tage in einen Raum mil honstanter Luft-
lemperatur, berechnet teils unter der Voraussetzung, dofl alie Son-
nenwirme durch Konveklion zur Reumluft und teils dafl alle Sonnen-

wirme dureh Strahlung den Raumtiachen zugefihrt wird
Die umlicgenden Riume sind in ihrer Konstruktion und
Abmessung gleichartig. Das Fenster reduziert cinfallende
Sonnenwirme mit 50%,. Die Berechnungen gelten fiir 2in
periodisches Geschehen. Der einzigste Unierschied bei den
Berechnungen licge darin, daB dem Raum Sonncnwirme
zugefithrt wird. Die vbere Kurve zeigt den Kiihibedarf,
wenn alle Sonncnwirme kenvektiv zur Raumluft iibergeht,
h. sic gelangt direkt — ohne jegliche Verzoégerung —
. r Raumluft. Das Thermestat erfordert unmittelbar Kilte,
Die untere Kurve zeigt den Fall, dafl alle Sonnenwirie
durch Strahleng auf dic Fauvinfliche iiberfithrt wird, vor-
ausgesctzt: zile Flichen haben die pleiche Farbe. Durch die
Tragheit der Winde werden dicse langsam erwarmt. Die
armemenge, die der Luft zugefithes wird, wird gehemme
( d gedimmt, Der durch der Thermostat erforderte
Fiiltrbedarf wird in Jdiesem- Fall um ca, 50", reduziert,
Dicses Beispiel seigt, welche Febler bei Vercinfachung von
Berechnungen — in Jdicsem Fall die Schematicicrung von
8 dom Einfall der Sonnenwirme in cinem Raum -— aufireien
tannen. Im | Kiihil:tbercchnungsprojekt® sind Jie Fen-
sivivigensaiafion cingehiond natersuchr, Dinch dicse Arbeit
cutstanden dotailliorte Unterlagen, die os cimaghichien,
kevickte  Berechnungen von o Rumntoaperaninen sowie

Winne- und Kiltebedaef durchaufithren |5).

Schwere oder Ieichte Kondrekticnen

In der Abbillung 2 wird daigestellty wie sich die thermi-
«chen Eigenschofien cines Gelindes beim Chegang von
schweren zu i hien Koastrnhtionen verindern, Esoist
schwerig, dony Verglonoh goreeht 2o woeden, Jdadie D
wongy nichit sue von Jder 23aindi; on Perdode abkingie

ity comban auch von Bingaen Perneden mig vad ohine
Senncnsehoi (6] Bei dicsemy Bedpiel winde vine Warm-

woettorpeertode e o de velear s der vine Fodiwerios perinde
i I et
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vorausging. Bei Beginn der Berechnung (0.00 Uhr 1.
24Stunden-Periode) zcigt dic  Gesamikonstruktion cine
‘Temperatur voa 20 *C. Hierdurch J1ift sich der Finschwin-
gungsverlauf in beiden Alternativen vergleichen. (Oftmals
138t man dic Berechnungen fortschreiten bis zur vollkom-
menen Einschwingung.) Der Luftaustausch betrigt 3,5 m?
AuBenluft/m? Bodenflichc/h. Dicses entspricht cinem Luft-
austausch, den man ma. als Sclbstabzug erreichen kann.
Die klimztischen Voraussetzungen sowie die Wirmeentwick-
lungen gchen aus dem Diagramm Nr. 3 hervor. Es stellt
die Raumluft-Temperarur wihrend der 3. 24Swunden-
Periode fiir schwere und leichie Konstruhtionen dar. Im
ubrigen gelien gemeinsam:
Tabelle 1
Revmabmessungen: Sreite -50m

Yiate =50m

Femler =L 0w
Sonnenschutx: Lemaeliensiore swischen Deppelfensiers her-

wnlergezogen in der Zest von 12.00 Ubr

mitags bis 8.00 Uhr nachitialgenden Meor-
gen.

Nicht Gbereinstimmende Daten:
Schwere Konstruktion:

Reumhihe: I3Sm

AvSenwand : 2 Zicgeisteine

tnnenwend : 1 Ziegelstein

ODeche: 20 <m Beton

Leichie Konstruktion:

Raumhdhe: 25m

Avfllenwand: 6 mm Elernit und 10 cm Irolier wolle sowie
13 mm Gips auf Riegeln

Oecke: 20 cm Beton 4 Luftschich! + 3 ¢cm lsolier-
wolle
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Biid 2 Temperalursieigerung der Roumluft wihrend einer Warmneperiade,
mit scimerer und leichter Konsteuktion

In de-  .bb. 2 sicht man, da8 der 1. 24stGndige Mitichwert
der Raamluft steige. Bei den leichten Konstruktionen bis
4,9 *C. Dic hochste Temperatur liegt ca. 6,7 °C iiber dem
21stiindigen Mittelwert. Entsprechende Werie der schweren
Konstruktionen betragen 1,9 °C resp. 2,3 °C. Die Tem-
peraturen steigen noch rach 7 Tagen an. Die Tages-
Durchschninistemperaturansticge ¢bben erst nach 14 Ta-
gen ab, Hierdurch fahrt ¢s auch bei den schawveren Konstruk-
tionen zu orhdéhten Innen-"Cemperaturen. Dicse Punkie
stimmen nicht mit Aen Erfuhrungen uberein! - - Dic Er-
kiirung hicefir ist zu finden in nicht zu Linge andeuanden,
susamuncabiingenden Winmeperioden dieser At Durch
Liftungen wihrend dee kithleren Tagespeioden 0onen
die Tomperaturen ofinals redusziert werden, was inJivean
Vergleich jedoch keine Beriickdichtiveng faind. Me%oidun
sollic nor mit ciner Personenbefastung v 5 Tagen pro
Woche gerechnet werden. Die Ursachen dafiir, Jafl sich
dicse Loichre Kenareokton Tangsan cinpendelr, besicht dar-
i, a3 dor Tuftamaatz sehie geding ise, Die Kriifie; die Jden
Verlanf steoern, sind zu schwach, Dic Decken sind < hawver
wind anferdem vinscitig des Rmes foliern, Dicses filirg
au cinent Linganea Tenperaiusstieg, doch aneh 7u ciner
schawicheren Mimplong der Tagesvoativaen, Dic oy Bei-
spich bt vin klues UL aber dic Groflonerdoong Jor er-

orcaie soncenea Abamulicvongse felre e Jdom Uhl g
g boichioen Konstnbeoawn,




Symbols:

He
Qvent
Qleak
Hint

Qmass
Qsun
Qtrans
t1

ti

ty-

Gy

G

ANNEX No 4

3 o’clock a.m. 1l o’clock a.m. 8 o’clock a.m.
mode of operat. mode of operat. mode of operat. mode of operat.

day and

night

present sugg’d present sugg’d present sugg'd present sugg’d
0 -601 -695 0 0 ~-194 -250
0 -94 -272 +32 0 -18 -125 -15
0 -107 0 +10 0 -36 0 -33
0 0 +281 +281 0 0 +101 +101
+73 +275 -204 -398 +4 +73 +13 +9
0 0 +1054 +1061 0 0 +300 +302
=73 -74 -260 -292 -4 ~-25 ~-96 -114
20,0 20,0 27,5 27,5 26,3 26,3 25,0 25,0
- 21,0 15,0 28,5 - 27,2 15,0 26,0
26,2 25,4 24,0 27,0 26,9 29, 26,5 26,3
0 76 108 76 0 76 108 76
¢] 70 0 70 0 70 0 70

after cooling effect of window-unit, W
heat evacuated by ventilating air, W
heat evacuated by leakage air, W

heat contribution from individuals and
illumination, W

heat to/fromwalls, floors and roofs, W
solar heat through windows, W

heat transmitted through windows
temperature of outdoor air, °C
temperature of intake air

temperature of air in room

intake air flow, kg/h

leakage atr flow, ka/hb
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