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SUMMARY 

Human comfort and health of the occupants forms the starting point 
for the evaluation of existing buildings. 
The used energy is conserved as much as possible by taking economi
cally acceptable measures as far as the b~ilding and its installations 
are concerned. 
The relation between human comfort and energy consumption is dealt 
with. 
The eva 1 uati on of the building takes p 1 ace by means of two thermophy
siological computer models of Man, and by means of the computer pro
gram "KLI", which describes the heat balance of the building. 
The computer program "KLI" is tested by means of an extensive set of 
instruments, which measures a number of indoor and outdoor parameters. 
By means of a data acquisition system the measured data are monitored 
and stored. 
The tests showed the reliability of the computer program "KLI". 
The procedure. fo 11 owed to eva 1 uate the "therma 1 quality" of the schoo 1 
"De Zandbank" in Lelystad, is described, and shows a possible energy 
conservation of the heating system of about 60%, by taking relatively 
simple measures. 
The use of the thermophysiological computermodelsin the design of a 
swimming pool shows the necessity of the application of radiative 
heating. 
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CHAPTER 1. INTRODUCTION 

1.1. Historical developments of indoor environmental measures 

The outdoor environment was and is hostile towards Man in large areas 
of the earth. In these areas Man succeeded in surviving by his inge
nuity and intelligence. 
He clothed himself, protected himself in caves and grottos, and 
learned how to light a fire. 
After that, he built his first primitive shelters. These shelters were 
heated later on, especially when Man moved to colder climates. 
The introduction of the building originated the demand for extra pro
visions like illumination. Much later acoustical insulation became 
necessary as a result of a variety of technical developments in elec
tronics, traffic. and building techniques. 
Man made openings in the walls to use daylight and to keep in contact 
with outdoor. These openings were provided with small blown wi.ndow
panes in the Middle-Ages and by relatively large window-panes pro
duced in glass-works since the beginning of the present century. 
Illumination was originally done by oil- and candlelight. and later 
by gas- and electric light. 
The development of the technology led from man power and power supplied 
by animals, via wind- and water power, to steam and internal combustion 
engines and electromotors. this started the development and improvement 
of radio, T.V., cars, etc. as sources of noise. 
In addition building structures were, in former days, made of wood, 
or vaults. Today they are often made of steel and reinforced and pres
tressed concrete. 
These changes in building techniques, together with the growth and 
the condensed concentration of the population, and the new and power
ful noise sources, led to specific acoustical provisions. 
A contemporary building, with its provisions, is a synthesis of: 
financial-, architectural-, town planning-. structural-, constructive
and indonr environmental factors, and last but not least the activi
ties to be executed in the building. 
Often the ultimate user of the building is almost cnmpletely without 
influence over the detailed design. 
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The creation and control of healthy and comfortable indoor environ
ments for ~an, are of the upmost importance for the fulfilment of 
Man's activities. 
Satisfying these requirements should be one of the most important 
starting points for the functional design of the building. 
To emphasize this objective the group Physical Aspects of the Built 
Environment was originated in 1970 by the, Department of Architecture 
and Building Sciences of the Eindhoven University of Technology, 
with the mission to study the indoor environment and to aim at a 
better integration of knowledge, on the fields of thermophysiology, 
mechanical engineering, and physics, in building design. 
Human comfort, human health are therefore focal points for the 
activities of the group. , 
The position of the group inside a department of architecture and 
building sciences underlines the necessity to aim at human comfort 
in an integrated design, i.e. in a collaboration of the building 
and the installation. 
Workers in the field of environmental engineering in a department 
as indicated above, have to remodel their knowledge in such a way, 
that it can be understood and used by architects. 
The work presented in this thesis shows a variety of activities di
rected to this remodelling. 

1.2. Human comfort in relation to energy consumption 

The functional design of a building is determined by the performance 
of the activities of men, which means that men require, among other 
things, an indoor climate, which suits their thermophysiological re
quirements. Man produces heat, while oxidizing his digested food. 
The heat should be removed, in order to keep the vital organs at a 
temperature of 37°C. 
This heat transfer takes place from the body to its environment. 
The greater the physical activities. the greater the heat production 
will be, the greater the heat transfer from body to environment 
must be, and the other way around. This leads to very specific re
quirements for the indoor climate. 
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The indoor climate is determined by: air temperature, mean radiant 
temperature, vector radiant temperature, air velocity, air humidity, 
and air quality. These parameters are determined by the building, 

its installation and the outdoor climate. 
This is illustrated in figure 1.1. 

figure 1.1. 

We distinguish three energy- and mass flows, which together determine 
the indoor climate: 
a. the flow entering through the building envelope, determined by the 

outdoor climate, often an urban climate, and the building itself; 
b. the flow introduced by Man; 
c. the flow introduced by the installation. 

The measuring device measures a parameter of the indoor climate, which 
is compared with its set value and is corrected, if necessary, vi a 
the installation. The flow introduced by the installation, as a cor
rection for a. and b., determines the consumed energy. 
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The set-value is fixed by Man, particularly because of his activities, 
his clothing, his social environment, his health and his comfort. 
Furthermore Man can make changes in the building envelope by opening 
windows, lowering venetian blinds, etc. All of the interactions be
tween the units of figure 1.1. should be described mathematically in 
order to get insight in the control of the indoor climate

1
suitable to 

Man over a lonq period and while at the same time minimizing the ener
gy consumption. 
While 1.1. statedlthat work in the group was focussed on comfort 
and health of the user of a building, we come here across 
an other important consideration, i.e. energy-conservation. This 
thesis is centred around these two topics: user-needs and energy
conservation, separately and in their relation. 

1.3. Energy-conservation in buildings in relation to design practice 

The building trade has to do with two categories of buildings: exis
ting and new to be built ones. 

Excistingbuildings were usually built in a period in which energy 
was low in cost. In consequence, they are often characterized by a 
high energy consumption. The installations were added to. in stead 
of integrated in, the architectural design. 
Because of the availability of low cost energy, decisions about the 
feasibility of a building were usually based upon the initial in
vestments. 
Especially in the United States of America there are many buildings 
in which heating and cooling are energy-expensive. This is illustra
ted by an experiment done in a General Services Administration Buil
ding in New York, where research was done on the comfort of people 
at work, in relation to the annual energy consumption 11.11. 
In a rather simple way it was possible to show the energy saving 
effect, which would be obtained, by taking measures, such as: redu
cing the intensity of lighting by 50%, changing the operating hours 
of the airconditioning system from 18 hours to 10.5 hours, thermostat 
settings at 27°C in summer and 20°C in winter instead of 23°C all year 
round, the elimination of airconditioning reheat, lowering the air-
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and water transport throughout the buildings by 20%t and replacing 
the cooling machine by a more expensive one with a much higher 
efficiency (50% instead of 30%). 
The combination of these measures would lead to an energy conserva
tion of about 85%, without affecting the human comfort. 

The Dutch situation is somewhat differentt because the range of out
door conditions is more moderate than in the North-Eastern part of 
the U.S.A. Especially cooling of buildings in the Netherlands is less 
common. 
But still a number of rather simple measures can be taken to lower 
the energy consumption without affecting human comfort. 

1.4. Regulations for energy conservation in future 

In design of today we can observe a noticeable shift of the criteria 
for the feasibility of a building from a point of investment to a 
weighted optimum in investment- and exploitation costs. 
As far as a new building is concerned, regulations should be developed 
governing the insulation of the walls, the illumination levels and 
control, the needed ventilation rate, etc., etc. 
In the State of California new regulations will go into effect in the 
near future, which state energy consumption levels for a. new desigp. 
They will have to be calculated with a standard computation method 
by hand or a standard computerprogram 11.2, 1.3.1. 
These calculations should prove that the energy consumption per unit 
of building volume will be below a specified level. This level is 
obtained by computing the energy consumption per unit of building 
volume of a standard building with a standard climate, comparable to 
the building and the climate concerned. 
Only if the computed maximum energy consumption is below the specified 
level, the building permit will be issued. 
In the Netherlands new regulations are in progress which relate the 
ratio between external building surface and the building volume to a 
maximum permissable value of the mean U-value of the whole envelope. 
This leads to an expected energy conservation in buildings of about 
20% in the next decade 11.4.1. 
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1.5. Tools for the thermal evaluation of buildings 

For the system that will be in use in the State of California a com
puter model on the thermal behaviour of a building is necessary, to
gether with standardized climate information. This makes the computa
tion of energy requirements possible. Such a model and climate data 
are necessary tools for the purpose of this thesis too. 

Nowadays there are a number of computer programs available. 
A few of them have been compared with each other j1.5.j. 
The results of these comparisons show great discrepancies in heating 
and cooling loads and energy consumptions, as illustrated in figure 1.2. 
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figure 1.2. Comparison of calculated cooling loads for 1 light 
building in London with 9 different computer programs 
for a day in July. 

The discrepancies were caused by different mathemati ea 1 treatments of 
the outdoor parameters, and differences in physical boundary conditions. 
Such comparisons are only of value if they are based upon a real stan
dard, i.e. by comparing the calculations with extensive measurements 
in excisting buildings under actual conditions, 
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The lack of literature on tests in practical situations is mainly 
caused by the extreme difficulties in the creation of the tools neces
sary for the measurements on one hand and the discrepancies between 
model- and actual parameters on the other hand. 
In the models surface and air temperatures are considered to. be homo

qeneous. while in reality these parameters are inhomogene~us. The mathe
matical approximations for the boundary conditions, in the models show 
often big discrepancies when compared with the actual boundary condi
tions. 

As stated above we need a variety of instruments.and, because of the 
great number of parameters to be measured continuously. a data acqui
sition system. 
After testing the model can be used for the evaluation of excisting 
building. Measurements of a short period than can be "interpreted" 
and "translated" to a full heating season as represented by a refe
rence year. 
To describe human comfort, as far as indoor climate is concerned, ther• 
mophysiological computer models are used. 
In the heat balance computer program of buildings enough attention 
should be paid to heating and lighting equipment, and in the thermo- . 
physiological programs different kinds of human activities should 
get attention. A connection between the two models is possible when 
the thermal model of the building incorporates convective as well as 
radiant heat transfer inside the building. 
For both models, the most important aspect is to test the reliability 
in actual situations. Reaching good agreement between the actual 
situation and the simulation confirms the value of the model, which than 
can be used for the development of design aids, important for the 
design of new buildings. 
It is of upmost importance to have a possibility to compare properly, 
alternative designs in a very early phase of the design. In the group 
Physical Aspects of the Built Environment the computermodel "KLI" is 
developed. The work on this model was started in 1970 and was pri
marily destined for the prediction, in detail, of indoor temperatures, 
in order to predict the "comfort quality" of a building {users in the 
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focus). Direct after the energy crisis in 1973 energy consumption was 
more emphasized, leading to an extension of the model and a fairly 
large extension of the instrumentation to test the model in different 
kinds of buildings. In the meantime the thermophysiological models were 
adapted to specific activities of Man. 

In the following we will present and discuss the work done on the 
tools, developed in the group. to evaluate buildings by computer 
simulation and measuring procedures. 
A few case studies will describe what it means to have the user and 
energy savings in the focus. 

1.6. References 

ILl.ILammers, J.T.H,, Berglund, t.G,. and Stolwijk. J.A.J. 
Energy conservation and thermal comfort in a New York City high 
rise office building. 
Environmental Management, vol.2, No.2, pp. 113-117 {1978). 

!1.2. !clampdown due on buildings' energy use. 
New Scientist, 9 February 1978, p. 368. 

11.3. !California Energy Resources Conservation and Development Commis
sion, Conservation Division. 
Regulations establishing energy conservation standards for new 
residential building and new nonresidential buildings. 
Report Con-45A:01 {1978), 

j1.4.1Schotel, D •• en Bodewes, W.A.C. 
Isolatierichtlijnen van de Rijksgebouwendienst. 
Klimaatbeheersing 7, No.3, pp. 140-141 (1978) (in Dutch). 

I1.5.IFitzgerald, D. 
Cooling loads by computer, some programs compared. 
J.I.H.V.E., Vol .39, pp.184-192 {1971). 

-11-



CHAPTER 2. THERMOPHYSIOLOGY AS A STARTING POINT FOR THE "THERMAL 
QUALITY" OF A BUILDING 

2.1. Introduction 

Thermophysiology describes and studies the processes. inside and out
side Man, which control the temperature in the body. 
This means, that the interaction between the body and the environment 
is studied and mathematical relations are developed to describe the 
control actions in the body as a function of the load on the body 
when it tries to meet the external environment. 
The more action that must be taken by the body's control system the 
more incomfortable Man will be. unless his activity is a desired one. 
like sporting. 
Thermal quality of a space will therefore be determined by the inten
sity of the actions of the control system in Man. In the "neutral 
situation" his core temperature is 37°C and his skin temperature is 
34°C. If these temperatures change Man has a number of autonomous 
reactions to control and compensate these changes: increasing the 
skin blood flow and thus decreasing the thermal resistance of the skin 
(vasodilatation) in a slightly warm environment and sweating in still warmer 
environments, decreasing the skin blood flow and thus increasing the 
thermal resistance of the skin (vasoconstriction) in a slightly cool 
environment followed by shivering in even cooler environments. 
The reactions of the body to stimulations are rather complex in their 
performance and thus in the mathematical description. One succeeded~ 
howeve~ in the development of computer programs, which describe these 
processes in terms of physical and physiological parameters. 
The models "Gagge" and "Stolwijk" will be described in the following. 
These models were developed by research workers at the John B.Pierce 
Foundation laboratory in New Haven. Connecticut in the U.S.A. These 
models were tested in climate rooms. using subjects of experiment. 
The tests led to additiona1 information about relations between ther
mophysiological parameters and comfortscales. The applicability of 
the models in actual environments. other than the laboratory situation 
was questioned in our group. 
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This led to the construction of a lecture room in which 15 students 
could attend lectures and at the same time be subjects of experiment. 
Furthermore the experiments were done to search for eventual inter
actions between acoustical, lighting and climatic parameters prefer
red by Man. 

2.2. The model "Gagge" 12.1., 2.2.1 

This model is a two node model of the human body as is illustrated 
in figure 2.1. 

2 ·NODE MODEL 

1 SEGMENT! 3 
2 LAYERS COMPONENTS 

BLOOD 

figure 2.1. Segments of the two-node-model. 

The model consists of two concentric cylinders, the inner cylinder 
represents the core and the outer the skin. The two are connected 
by the skin blood flow. 
The heat and mass transfer in the model is represented in figure 2.2. 
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figure 2.2. Overview of the different heat and mass 
flows of Man to the environment. 

The heatbalance equations for skin and core at any time t per m2 skin 
surface are represented by: 

and: 

and: 

Hsk = (Ask + cbl * Vskbf) * (fer - fsk) + Esk - ac * 
* Fcl * (Tsk - To) 

5 = Hsk +Her= Mnet - Esk - ac * Fcl * (Tsk -To) 

(2.1.) 

(2.2.) 

(2.3.) 

wherein: 
H5 k = heat storage in the skin (W.m- 2 skin surface) 
Her = heat storage in the core (W.m- 2 skin surface) 
S total heat storage in the body (W.m- 2 skin surface) 
Ask = mean skin conductance = 5,28 (W.m- 2 , K- 1) 
cbl = thermal capacity of the blood= 4.19 ~ 103 (J.kg-1.K- 1) 
vskbf = skin blood flow (kg.s- 1.m-2 skin surface) 
fer= mean core temperature (K) 
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isk = mean skin temperature (K) 

Esk = evaporative heat loss from the skin (W.m-2 skin surface) 

ac = convective heat transfer coefficient {W.K-1 • m-2) 

Fcl = Burton's thermal efficiency factor= acl I (a+ ac1) 

(factor. introduced to calculate the convective heat trans
fer directly from the skin temperature and the operative 
temperature. and which includes clothing} 

= intrinsic conductance of clothing {W.K- 1 • m-2) 
-1 -2 = ac + ar (W. K • m ) 

ar = radiative heat transfer coefficient (W.K-1 • m-2) 

i
0 

= operative temperature = 

ac • Ta + ar * Tmrt 
(K) 

(weighted mean va 1 ue of air temperature and mean radiant 
temperature) 

Tmrt= mean radiant temperature (K) 
Ta = air temperature (K) 
Mnet= net metabolic heat 

= M - Eres + Cres - W0 (W.m-2 skin surface} 
M = metabolic energy (W) 
Eres= respired evaporative heat loss 

= 1.7 • 10-5 • (6000- Pdp) (W.m-2 skin surface) 
(empirical relation) 

Cres= respired convective heat loss 

= 1.4 * 10-3 *M • (307 - Ta) (W.m-2 skin surface) 
(empirical relation) 

Pdp =saturated vapour pressure (Pa) 

W
0 

= work (W.m-2 skin surface) 

Thermal capacity of skin and core shells: 

Jsk = s • cb * wb (J.K-1} (2.4.) 

and: 

Jcr = (1-B) • cb • wb (2. 5.) 
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wherein: 
a = fraction of the total body mass concentrated in the skin 
cb = thermal capacity of the body 

= 3.49 :11 103 ( J , kg -l , K-1) 
"'b = weight of the body (kg) 

Change in skin and core temperature per unit time (At= 60 s): 

Aisk AD • Hsk 
""'At= Jsk 

Aicr AD • Her 
""'At= Jcr 

wherein: 
AD = Du Bois area = total skin surface 

= 0 203 • w 0.425 • L0,725 (m2) 
wherein: • b 

L = length of the body (m) 

At the end of each succeeding minute of exposure: 

t :: t + At 

fsk = fsk + Afsk 

fer= fer+ Afcr 

(2,6,) 

(2.7.) 

(2.8.) 

(2.9.) 

(2.10.) 

When rapid changes in aTsk > 0.1 K occur, At must be shortened to 6s 
for proper integration. 
The control system at any time t + At. is described by warm and cold 
signals from the skin and the core. which are defined as: 

Sigsk = Tsk - 307 (K} 

Sigcr = Tcr - 310 {K) 

and relate to the "neutral situation". 

(2.11.) 

(2.12.) 

In addition if T5 k > 307 K and Tcr > 310 K then. first is assumed: 

S• + s. + 
19sk = 19cr {2.13.) 

and if \k < 307 K and Tcr < 310 K 

Sigsk- = Sigcr- (2.14.) 

Using the warm and cold signals as defined above. the following empi
rical relations are derived: 
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-3 - -1 -2 Stric = 0.14 * 10 * Sigsk (kg.s .m skin surface) (2.15.) 

(vasoconstriction) 

Oilat = 42 * 10-3 * Sigcr+ (kg.s-1.m-2 skin surface) (2.16.) 

(vasodilatation) 

(1.75 * 10-3 + Dilat)/{1 + Stric) 
(kg.s- 1.m-2 skin surface) (2.17.) 

Control of the sweating drive Sw is based on the difference between 
mean body temperature in the actual situation fb and the mean body 
temperature in the "neutral situation" Tb' : 

B ~ 307 + (1-B) * 310 = 309,7 (K) (2.18.) 

e * Tsk + (1-e) * Tcr (2.19.) 
-5 T - I -1 -2 7.92 * 10 * ( b- Tb) (kg.s .m skin surface) (2.20.) 

under the condition that if fb < fb' , Sw = 0 

(empirical relation) 

The regulatory sweating~) is described by the empirical relation: 

Ersw = 24.5 • 105 * Sw * exp{Sigsk+ /10) (W.m-2 skin surface) {2.21.) 

and the maximum heat transfer by evaporation by another empirical 
relation: 

Emax = 7.63 * 103 * ac * Fpcl * (Tsk- Tdew) 

(W.m- 2 skin surface) 
wherein: 

Tdew = dew point temperature (K) 

Fpcl = Nishi's permeation efficiency factor= ae + aecl 
aecl 

( 2. 22.) 

= evaporative heat transfer coefficient from the body surface 
to the environment (W.m- 2 . Pa-1) 

aecl = intrinsic coefficient for permeation of water vapour 
through the clothing (W.m- 2 . Pa-1} 

The fraction of the body's total skin surface (A0) , which is wet by 

sweating is defined by: 

*) the part of the sweat secretion, which is actually evaporating. 
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Ersw w -rsw - Emax (2.23.) 

The "skin-wettedness", including water diffusion through the skin, 
is the fraction of the body's total skin surface {A0) which contri
butes to the total evaporative heat loss of the skin Esk' This is 
defined as: 

w = 0.06 + 0.94 • wrsw {2.24.) 

so that: 

Esk = W * Emax (2.25.) 

When Vskbf < 1.75 * 10-3 kg.s-1.m-2 skin surface, vasoconstriction 
increases the thickness of the skinshell by increasing B 

-3 • -3 
B = 0.1 + 0.25 • (1.75 * 10 - vskbf)/1.75 * 10 (2.26.) 

Finally there is a control for shivering, to be introduced under 
certain cold conditions, which increases the metabolic rate: 

(2.27.) 

where M' is now the new energy metabolism in the zone of body. cooling. 

From the heat balance equations {2.1.) en (2.2.) at any timet, the 
~fsk and ~fer for each following minute interval ~t is determined 
from equations {2.4.) through {2.10.). These give new values for fsk 
and fer , which are used for the calculation of the new values for 
Vskbf • SW • Ersw • Wrsw , W , Esk , B (if there is vasoconstriction) 
and new M {if there is shivering) from equations (2.11.) thrgugh 
(2.27.). These new values are reinserted in equations (2.1.) and (2.2.) for 
the relevant one of these new heat balance equations at time t + ~t. 

The entire cycle is represented using equations (2,8.) through· (2.27.). 
This iterative process is continued until tor the sum of ~t's equals 
the desired exposure time. 
Successful regulation of the body temperature occurs when the total 
heat storage of the body (S) approaches zero. 

Man's thermal senses are described by a category scale of degrees of 
comfort: comfortable - slightly uncomfortable - uncomfortable - very 
uncomfortable - intolerable. 

From the data gathered in climate rooms Gaggelimited the comfort area to: 
comfortable and slightly uncomfortable. At lower temperatures the 
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limit between slightly uncomfortable and uncomfortable is determined 
by a skin blood flow of 1.75 ~ 10-3 kg • s-l • m-2 skin surface, the 
upper limit is determined by the skin wettedness of 0.2, as far as 
the warm side of the comfort area is concerned. 
The lower limit gives a "slightly cool" situation and the upper limit 
a "slightly warm" situation. 

2.3. The model "Stolwijk" 12.3.1 

This model is a 4-node-model. Figure 2.3. gives an overview of the 
segments,appropriate sized cylinders representing trunk, arms, hands, 
legs and feet; the head is represented as a sphere. 

4- NODE MODEL 

6 SEGMENTS! 25 
4 LAYERS COMPONENTS 

BLOOD 

figure 2.3. Overview of the 4-node-model "Stolwijk" 

The cylinders or segments are each subdivided into four concentric 
layers or compartments representing the core, muscle, fat and skin 
layers. An additional central compartment represents the blood in the 
large arteries and veins. The blood exchanges heat with all other 
compartments via the convective heat transfer occurring with the 
blood flow to each compartment. 
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In order to decrease the number of calculations. the two arms. hands, 
legs and feet are represented by one set of four concentric cylinders, 
one for each pair; the values are in time doubled. For each of the 
25 compartments complete heat balance equations are developed to ac
count for heat flow into and out of the compartment, via conduction 
and convection. 
,The metabolic heat production within the compartment is accounted for. 
For those compartments in contact with the environment, appropriate 
equations express the heat exchanges by radiation. convection and 
evaporation and the influence of clothing on heat and vapour trans
port. The cardiac output. heat production and evaporative loss are 
obtained by summing of blood flow. metabolic heat production 
and evaporative heat loss over all compartments. 
Skin blood flow and mean skin temperature are calculated by summing 
of segmental skin blood flows and skin temperatures. 
Similarly. mean body temperature is obtained by averaging of all 
compartmental temperatures weighted with their thermal capacitance. 
Net rate of heat storage for the whole body is obtained by summing 
all net heat flows over all compartments. 

2.4. Lecture room experiments 

As is stated before, the group pays attention to acoustical, lighting 
and climatic provisions in buildings. The research done on the three 
fields has a monodisciplinar,y character as far as comfort criteria 
are concerned. 
It is to be expected that the experience of the environment by Man is 
not a process, in which the parameters are separately weighted, 
In reality it could well be, that the environmental parameters do 
influence in a integrated way the comfort of Man. 
A first step in the research of the human response to an environment. 
including noise. lighting and climate, called "total response~ is 
done in the model of a lecture room 12.4 •• 2.5.1. 
Figure 2.4. gives an overview of the lecture room with its occupants. 
Before the experiments were started a preliminary investigation took 
place in order to find the relative importance of a number of envi
ronmental parameters. A group of about 50 people was asked to choose. 
by means of a table, the parameters they found most important and 
which they found less important. 
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figure 2.4. Lecture room with its occupants. 
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The table and the results of the voting are included in table 2.1. 
The tab 1 e 2 .1. is used as a basis for the construction of the 1 ec
ture room, leading to some specific options: 
- windows and curtains were provided 
- plants were placed 
- carpet was put on the floor 
,- the walls were painted in a neutral calor. 

The experiments were based upon ballot methods, consisting of 7-in
terval scales, which formed the instruments to measure the total 
response,called semantic differentials 12.6.1. 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 

12 

environmental parameters average standard . ' ··score· '' ·deviation 
presence of windows in a room 8.3 1.3 
presence of plants in a room 7.6 1.7 
type of furniture in a room 7.5 1.4 
height of the ceiling in a room 6.9 1.4 
number of persons per m2 floor surface 
in a room 6.9 2.3 
color of the surrounding walls in a room 6.7 1.4 
your own place in a room 6.6 2.1 
surface area of windows in a room 6.5 2.2 
number of entrances and exits in a room 5.2 2.1 
carpet on the floor in a room 5.1 2.2 
number of different colored surfaces in 
a room 4.9 2.0 
number of seats per person in a room 4.5 2.3 

Table 2.1. Preference by people of environmental parameters 
in a room. 
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The evaluative scales were provided with two adjectives on both sides 
of the scales (see table 2.2.). 

1 good - bad 
2 positive - negative 
3 comfortable - uncomfortable 
4 commodious - not commodious 
5 ordinairy - extraordinairy 
6 cosy - not cosy 
7 acceptable - not acceptable 
8 fine - not fine 
9 agreeable - not agreeable 

10 sound - not sound 
11 suitable - not suitable 
12 tolerable - intolerable 
13 enjoyable - not enjoyable 
14 favourable - unfavourable 
15 pleasant - unpleasant 

Table 2.2. The evaluative scales used in the experiment. 

Several physical parameters were controlled and measured during the 
experiments. 
The background noise appeared to be NR 35 and NR 39, the illumination 
levels were 400 lx and 1000 lx. and the air temperature 19.5°C, 21.5°c. 
and 23.5°C, The humidity was controlled at 1300 Pa, while the mean 
radiant temperature was nearly equal to the air temperature (in most 
experiments within 0.8°C) and the mean insulation value of the clothing 
was 0.76 clo with a standard deviation of 0.04 clo (1 clo = 1 clothing 

. 2 -1) un1t = 0.155 m • K.W . 
The metabolism during the test period was estimated at 65 W.m-2 skin 
surface. 
The ballot forms existed of 6 evaluative scales (to measure in a reli
able way the evaluative response of the subjects of experiment) randor;
ly chosen out of the scales in table 2.2. 
Ten forms were composed in this way to avoid adaptation of the sub
jects of experiment to the scales during the experiments. 
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In 10 consecutive weeks, during 2 hours each week, different combina
tions of the physical parameters were adjusted. By factor analysis 
the results were-obtained for every variable on its own. 
The results were first examined as far as the agreement between the 
different evaluative scales, used in one experiment, were concerned. 
Thi.s examination showed that several of the votes on the scales, used 
for the experiments, did not correlate with each other. 
This led to a justification of the number of scales used in th~ fur
ther analysis. In table 2.2. the scales 5, 6,. 11, 13, 14 and 15 did 
not correlate with the others, while th'e others correlated to 'another 
very well. 
On the results of the remaining 9 "best" evaluative scales variance 
analysis was applied to determine interaction effects between the 
variables (noise, air temperature, illumination). 
This analysis showed no significant interaction effects. 
As far as the variables on their own were considered, we found a signi
ficant maximum of the evaluative responses at 21.5°C, which 
is within 0.5°C of the neutral situation found by the model "Gagge 11 

(see paragraph 2.2.}. 

1111s cou1u u~~::on wn tne method of "total response" (indirect questions} 
as described above. gives a similar judgment of the "comfort qu~1ity 11 

of an indoor climate as the method used by Gagge and Fange_r (direct 
questions) as far as the temperature as a variable is concerned. 

No influence of the two different illumination levels on the evalua
tive responses was found. Considering that young peop 1 e were used 
during the experiments, with better eyes than older persons, it seems 
worthwile to repeat the experiments with even lower illumination 
levels as applied in the experiments described above, as lowering 
illumination levels is of the upmost importance for energy conserva
tion. 

The poor control of background noise and the small difference between 
the two levels, applied in the experiments, made that the influence of 
noise hardly could be evaluated. 

The experiments described above were used to develop a method to get 
insight in the influence of different physical parameters on the "total 
response" of Man to indoor environments. 
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The lecture room with its technical installation was rather primitive. 
In consequence a new lecture room is built and nearly finished. In this 
lecture room the described experiments will be repeated with larger 
groups of subjects of experiment (up to 35 persons) with more levels 
of the physical parameters. which. will be better controlled. 
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CHAPTER 3. COMPUTERPROGRAM KLI AND ITS VERIFICATION WITH AN EXTENSIVE 
SET OF MEASURING EQUIPMENT 

3.1. Introduction 13.1., 3.2., 3.3.1 

This paragraph intends to give an overlook of the computer program 
as it is developed in our group. A more detailed description is in
cluded in the doctoral thesis of ir.R.J.A.van der Bruggen j3.4.! 
The thermal environment in a building or a room is determined for an im
portant part by non-stationairy parameters, such as outside air tem
perature, solar radiation, etc. 
As a result a number of problems cannot be solved accurately enough 
with analytical calculations; therefore a numerical solution method 
has been developed. 
Although there are many computer programs to calculate cooling and 
heating loads, the program presented here has the following special features: 
1. for the numerical solution of the Fourier equation for the thermal 

conductance and the boundary equations the discretisation method 
of Crank Nicolson has been used. 

2. the calculation can be done for a number of rooms simultaneously; 
the rooms are coupled in the program by the heat exchange through 
the partition walls. 

3. the radiative and convective heat transfer between the various walls 
in the room have been calculated in a proper way. 

4. the program is written in a conversational mode, so that the re
quired imput data can be entered as answers to the questions the 
computer asks. 

5. the accuracy of the calculations with the computer program has 
been checked by a number of measurements in existing buildings. 

3.2. Computer program KLI 

~~?~!~_Iu~_£2~e2~~~~~-2f-~h~-h~2!_22l2D£~_Qf_e_r22~ 

The thermal environment in a building is caused by a number of exter
nal and internal factors acting upon that building. These factors are: 
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- outside air temperature; 
- solar radiation absorbed by and/or transmitted through the facade; 
- wind velocity and direction; 
- internal heat gain from occupants, lighting, etc.; 
- installed devices to control the indoor air temperature at a certain 

level • 
The next picture shows the places where and how in a room the heat 
transfer takes place. 

fi.gure 3.1. The heat flows in a room. 

The heat flows in figure 3.1. represent: 
1. Heat conduction through the walls. 
2. Heat exchange between the external walls and external environment 

by radiation and convection. 
3. Absorption of solar radiation by the non-transparent part of the 

external walls. 
4. Solar transmission through the windows. 
5. Convective heat exchange between the walls and the indoor air. 
6. Radiative heat exchange between the walls in the room. 
7. Heat transfer by radiation and convection as a result of internal 

heat sources. 
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8, Convective heat exchange between the inner walls and adjacent 
rooms. 

9. Radiative heat exchange between the inner walls and the walls in 
adjacent rooms. 

lO.Heat exchange between in- and outdoor air by infiltration and/or 
. ventilation. 

~!~!g!-~~~!.!r~n~f~r-~g~~!i2n~ 

1. The non-stationary heat conduction in walls is described by the 
Fourier equation: 

(3.1.) 

Tj(x,t) temperature in layer j at place x and time t (K) 

aj = thermal diffusivity in layer j (m2.s-1) 

Aj =thermal conductivity in layer j (W,m-1.K-1) 

Pj • cj volumetric heat capacity in layer j {J.m-3.K-1) 

2. Heat exchange between the walls and windows and the external en
vironment: 

-A1 • {:;
1
) = a • ~z(t) +a • {Te(t) - T1(0,t)) 

x=O 
(3.2.) 

A1 =thermal conductivity in the first layer (W.m-1.K-1) 

a = absorption factor 
~z{t) = incident solar radiation at time t (W.m-2) 

a = external heat transfer coefficient for convection and 
radiation (W.m-2.K-1) 

Te(t) = outdoor air temperature at time t (K) 

T 1 (O,t) = external wall surface temperature (K) 

3. The heat exchange in the room can be subdivided in three ways of 
heat transfer: 
a. heat exchange between the walls and the indoor air; 
b. heat exchange between the walls; 
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c. heat transfer by sun radiation transmitted through the windows 
and by internal sources. 

The inside boundary condition for the Fourier equation is then 

des cri bed b(y ~T •) 
-lj * oxJ = ac(t) • (Tj(d,t) - Ta(t)) +as* r

9 
Fj.g * 

x=d 

+ { (E A9 * q2d(t) + (1-fr) * wa(t))/ Atot } 
g 

(3.3.) 

ac(t) =convective heat transfer coefficient at timet (W.m-2.K-1) 

Tj(d,t) = internal wall surface temperature of wall j (K) 

Ta(t) = room air temperature (K) 

= radiative heat transfer coefficient (W.m- 2.K-1) 

=geometric factor between wall i and wall g 

r
9

(ct
9

.t)= internal surface temperature of wall g (K) 

A
9 

= area of wall g (m2) 

q
2
d(t) = transmitted sun radiation at time t (W.m-2) 

fr = convective fraction of the internal sources 

~a(t) = internal heat sources at time t (W) 

Atot = total area of all the walls (m2) 

4. The heat exchange between the inner walls and the adjacent rooms 
is described by: 

-11 * (::
1
) = ac(t) * (T 1(o,t)- Ta'(t)) +as* E Fi 9 * x=O g • 

* (T1(0,t)- T
9

(dg,t)) + 

+ { (r A2 • q~d{t) + (1-fr') * 
z 

* wa'(t}) I Atot' } 
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q~d(t) , fr', T~(t), ~~ , Atot, A~ ••••• are parameters in the 

adjacent room. 

5. The heat exchange between the room and the external environment 
by ventilation and infiltration together with the convective heat 
transfer from the walls and the convective part of the internal 
heat sources give the next equation: 

ora 
p • c • V*~=~ ac.(t) • Aj • (Tj(d,t)- Ta(t)} + fr * 

J J 

• ~a(t) + p * c • V • 

• (Te(t) - Ta(t)) • v/3600 

p = specific mass of air {kg.m-3} 
c =specific heat of air (J.kg·1.K-1} 
V= room volume (m3) 

v = ventilation rate (airchanges per hour, h-1) 

(3.5.) 

When in a room the temperature has to be maintained at a certain 
level, the equation changes into: 

oT 
~(t) = p • c • V* "&f- ~ ac. (t) • Aj • (Tj(d,t) - Tr(t)) + 

J J 

- fr • ~a(t) - p • c • V • {Te{t} - Tr{t})• v/3600 (3.6.) 

~{t) = cooling or heating load at time t (W} 
Tr{t)= required room air temperature. (K} 

~!g!~!-~i~sr!!i~!!i2n.2f.!u~_E2Yri~r-~9Y2!i2~~ 

For the discretisation of the Fourier equations the method of Crank 
Nicolson is used 13.5.1. 
1. The heat conduction equation (3.1,) is then given by: 
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(
h.2 ) 

-Tg,j(xj_1,t)+2• k;aj + 1 lit Tg,j(xj,t)- Tg,j(xj+1,t) = 

=Tg,J('J-l't-k) + 2 .(:;:j - 1) o Tg,j(x;,t-k) • r9,;(xj+l't-k) 

( 3. 7.) 

g = number of the wall 
hj = semi-infinite displacement in layer j (m) 
k = time step (s) 
The discretisation of the boundary conditions is solved by using 
the following Taylor expansions around x=O (or x=d): 

2 2 

T (hl't)= Tg(O,t) ~ h1 lit (::g) ++lit(*) + ..... 
g x=O ox x=O 

( 3.8.) 

After elimination of the second order derivatives: 

(::g) x=O = (-3 lit Tg(O,t) + 4 lit Tg(h 1,t) - Tg(2th1,t))/(2lh1) 

(3.9.) 
2. The heat exchange between the walls and windows and the external 

environment (3.2.) using (3.9.) is then given by: 

(3•~ 1 \ 2litx1 x1 "2'ifi1 + a.ej * Tg(O,t} - "li!* Tg(hl't) + '2ili"i' t Tg(2thl't) = 

(3.10.) 

(3.11.) 
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+(I: A~* q~d(t) + (1-fr') * •a'{t)) I A~ot 
g 

5. The heat balance equation (3.5.) is described by: 

(3.12.) 

(3.13.) 

When the temperature in the room has to be maintained at a certain 
level the equation changes into: 

+ frR ta(t) + plc•V• (Te(t) - Tr(t) • v/3600 + t(t) 

wherein: 
t(t) = heat flow introduced by heating or cooling (W) 

~~g~1~-~~~~Q~_2f-~2l~~!2D 

(3.14.) 

For each wall in a room the discrete equations are. with exception of 
the balance equation. placed in a matrix equation. 
In each room a maximum of ten walls, subdivided in six walls and a 
maximum of four windows in the vertical panes, can be taken along with 
in the calculations. 
The last equation of each tridiagonal matrix is placed, together with 
the balance equation in a new matrix. This matrix is solved by using 
the Crout- method 13.6.1. 
After solving this matrix equation a number of parameters are known, 
the most important are: 
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1. the indoor air temperature and the cooling or heating load; 
2. the inside wall surface temperatures of all the walls in the room. 
With these temperatures the original matrix equations of the walls 
are solved and then the temperatures at each step in the walls are 
known. 
The first equation of the matrices of the inner walls {3.12.) contains 
two terms in the right part, that are unknown at time t. These terms 

are: a~(t) • Ta'(t) and a~*~ F~.g * T~(d 9 ,t), where Ta'{t) and 
T~(dg,t) are the unknown temperatures in the adjacent room at time t. 
An iterative calculation method is used to solve this problem. 

The computer program can be used for: 
1. Design calculations. The cooling and/or heating load or the resul

ting room air temperatures in the various rooms of a building are 
calculated, using extreme outdoor conditions. 

2. Energy cost calculations. During a longer period the total energy 
demand of a building in relation to cooling and/or heating can be 
determined. The outdoor conditions, necessary for the energy de
mand calculations are provided by a reference year, which will be 
discussed in the next paragraph. 

3. The calculation of temperature profiles in walls. 

3.3. A reference year for energy cost calculations in buildings 13.7.1 

The reference year is intended to be used for absolute and comparative 
energy cost calculations. For that reason the determination of the 
reference year does originate with the energy consumption of buildings. 
It was calculated how energy has to be supplied in a month to a certain 
room for maintaining a desired room air temperature. Therefore the 
heat loss by the hour, by transmission and ventilation was determined. 
The heat gain by the solar radiation and internal heat sources was 
subtracted. 
The Dutch Royal Meteorological Institute provided us with a magtape 
with 10 years of hour by hour meteorological data of the period 1961-
1970. The data were gathered in such a way that the 10 months of 
January, February. March, etc., could be compared, as far as the 
energy consumption was concerned. 
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The ten comparable months were ranked in order of the agreement of 
the monthly energy consumption with the average for these months. 
To form a good notion of the behaviour of the monthly energy con
sumption the following situations were investigated: 
for a room with poor and with excellent insulation and for all combi
nations of the orientations North, East, South or West, with a high 
,or low number of air changes and with or without internal heat 
sources. 

The calculation of the monthly energy consumption has the following 
limitations: 
1. the heat capacity of the construction is not taken into account; 
2. the used room had one exterior wall, including a window; 
3. during occupation hours (8-18 hours) the desired air temperature was 

20°C and 15°C during the rest of the day; 
4. the used meteorological data referred only to the center of the 

Netherlands (De Bilt); the period is 1961-1970. 

To check the limitations, the following calculations were done: 
1. for one situation the energy consumption of the months January and 

December has been calculated with the computer program "KLI", that 
does take into account the heat capacity of the construction; 

2. in some situations the time of occupation was 24 hours and the de
sired air temperature was 22°C; this was also done for the month 
of January for one situation, by using the program "KLI". 

These extensive.calculations led to the same selection of the months, 
as obtained by the simplified method. 
From this investigation the following conclusions are to be drawn: 
it is not possible to construct one reference. year for the cooling 
and the heating; two different reference years are necessary, these 
composed years are valid, without regarding the construction or the 
orientation of the building (this is in agreement with the results of · 
H.Saito and Y.Matsuo !3.8.!). 

The composition of these two reference years is shown in the next table. 
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month heating cooling 

January 1961 1966 
February 1965 1962 
March 1965 1963 
April 1964 1964 
May 1965 1969 
June 1961 1969 
July 1964 1968 
August 1961 1968 
September 1967 1962 
October 1970 1970 
November 1967 1961 
December 1961 1966 

Table 3.1. Composition of the reference years selected 
from the period 1961 - 1970. 

3.4. The measuring equipment 

In the instrumentation. used for the evaluation of buildings. three 
more or less distinct groups can be distinguished: 
1. instruments for the measurement of outdoor parameters 

- solar radiation 
- wind speed and direction 
- air humidity 
- pressure differences (between in and outdoor environment) 
- air temperature; 

2. instruments for the measurement of indoor parameters 
- air velocity 
- air humidity 
- air temperature 
- wall surface temperature 
- air composition 
- ventilation rate. 
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All the instruments are connected to a system for data handling and 
storage: 
3. the data acquisition system. 

~!1!!!_Io~_in~!r~~n1~-~~~g_fgr_~b~-~!!~r~ID~n!_gf_gy!QQQr_~!t2~!~r~ 

Solar radiation is measured by means of phyranometers. One of them is 
usually installed to monitor the diffuse radiation, one is used to 
measure the total global radiation at a horizontal plane, and two or 
three are used to measure the total skY radiation at vertical planes 
in different directions to collect information about the inhomogenity 
of the diffuse radiation of the sky. the reflection of the earth 
surface and buildings. 
Calibrating is done with the aid of a reference phyranometer and a 
referense source {mercury lamp). Twice a year the reference phyrano
meter is compared with the reference phyranometer of the Royal Dutch 
Meteorological Institute (KNMI). The inaccuracy of the instrument is 
about 5%, which is random and which is giving in the solar data used 
for the calculations an inaccuracy of the order of 5%. The inaccuracy 
i.s mainly caused by the temperature of the phyranometer and the angle 
dependent sensitivity of the instrument. 

Wind speed is determined by means of a D.C.generator, which ts cali
brated in a windtunnel.with a pitot tube connected to a Betz manometer. 
The manometer has an inaccuracy of about 0.5 Pa, which amounts to an 
inaccuracy of 1 m.s-1 for the wind speed sensor. 
Wind direction is measured by a homemade digital instrument, consis
ting of two major parts: a fixed circular plate on which reed relays 
are mounted and a rotating magnet fixed to an axle in the centre of 
the circular plate and at a small distance of the plate. The magnet 
moves with the wind direction. The magnet activates the reed relays 
that switch TTL levels (0 V'/5 V). The bit pattern thus created is 
coded into a number representing the wind direction. Figure 3.2. and 
table 3.2. show the principle in more detail. 

The intermediate code a, b, c is introduced to avoid problems in case 
more than·one relay is activated. Mechanically the sensor is dimensio
ned in such a way that unless the direction is N, at least one relay 
closes, i.e. the directions have been given a small overlap. 
Output bits b0, b1 and b5 through b7 are set to zero so the eight re-
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sulting bits may be used as a memory adress inside the microcomputer. 
Each time the wind direction is inspected the word, starting at the 
adress the output is pointing to, is incremented. This eventually 
renders an eight channel distribution pattern. 

6 

4 

1 

2 

3 

4 

5 

6 

7 

DECODER 

I 

a 
b DECODER 

c 11 

figure 3.2. Reed relays and decoders for the digital wind 
direction sensor. 

direction relay a b c b2 b3 b4 

N - 0 0 0 0 0 0 

NE 1 0 0 1 0 0 1 

E 2 0 1 1 0 1 0 

SE 3 0 1 0 0 1 1 

s 4 1 1 0 1 0 0 

SW 5 1 1 1 1 0 1 

w 6 1 0 1 1 1 0 

NW 7 1 0 0 1 1 1 

Table 3.2. Truth table of the digital wind direction sensor. 
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Air humidity is determined by capacitive hygrometers. They are cali
brated with an Assmann psychrometer. The hygrometers are merely used 
for the comfort experiments. The inaccuracy is about 5% full scale. 
For the measurement of the outdoor humidity, the sensor is placed in 
a thermostat. which controls the outdoor air (sucked through the ther
mostat) at a temperature leve 1 some 10 K higher as the outdoor air 
temperature in order to avoid condensation at the sensor; condensation 
will damage the instrument. 

The pressure transducers, used for the measuring of pressure diffe
rence between in and outdoor. are of the capacitive type. The readings 
of these instruments are collected with the data acquisition system. 
to evaluate eventually. when more information is available. relations 
between wind direction and speed and pressure distribution around buil
dings. 
This information together with the determination of ventilation rates, 
could give us the possibility to calculate in a more convenient way 
the influence of infiltration of outdoor air in buildings on the annual 
energy consumption for heating and/or cooling. 
The transducers are calibrated with a Betz manometer and have an inac
curacy of about 1 Pa, mainly due to hysteresis to the membranes. 

~!~!g!_I~~-!~~!rY~~!~-Y~~g_fer_!Q~-~~2~Yr~~~!-2f.!ngggr_~2r!~!~r~ 

The air velocity indoor is rather low (0-30 cm.s-1). 
Specific anemometers are used to measure this parameter. The sensors 
consist of vibrating hot wires, in order to avoid the influence of 
natural convection. 
These instruments are used to determine the air velocities in spaces, 
for comfort experiments on one hand and to estimate the heat exchange 
between the indoor air and heat transmitting walls. 
For calibration, poiseuille flows are used, induced in sufficiently 
long tubes. The inaccuracy is about 1 cm.s-1. 

The indoor humidity 1s measured by the same instruments as used for 
the measurements of the outdoor humidity. 

The air temperatures, indoor as well as outdoor, are measured by 
Platinum 100 resistance thermometers. These thermometers have an elec
tric resistance of 1000 at 0°Cand about 1500 at 100°C. 
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The thermometers are provided with a constant current of 1 mA, so that 
the measured voltage is a measure for the temperature. 
The thermometer is mounted in an aluminium cylinder to avoid radiative 
influence and ventilated by a little ventilator. 
Calibration is done in a thermostat bath, in which the temperature of 
the water is controlled. The temperature of the water is measured with 
a calibrated reference resistance thermometer. 
The inaccuracy of actual measurements is about 0.2°C. 

Wall surface temperatures are also measured by Platinum 100 resistance 
thermometers. These are of a special construction, flat and flexible, 
and well attachable to the wall. The flexible material has an emission 
factor of about 0.9, which is equal to most of the materials used in 
building constructions, so that the influence of radiation of the ot
her walls on the temperature measurements is negligable. 
The wires, used for the electrical contact, are fixed to the wall over 
a distance of about 20 cm to avoid the influence of the heat conduc
tance through these wires on the temperature measurement. 

Air composition is determined by a gaschromatograph, able to detect 
oxygen, nytrogen, water vapour, and carbondioxyde contents of air. 
This information is especially important for the determination of the 
actual ventilation of spaces and is primairily used in "comfort" 
experiments. 
The accuracy of the instrument is about 10 ppm. 

Ventilation rate (number of air changes in the room per hour) is de
termined indirectly by observing the decline in helium concentrations. 
A relatively large quantity of this gas is injected in the room of 
interest and is steadily replaced by air infiltrating in the room. 
The concentration of helium is measured by means of a katharometer, 
a special purpose gaschromatograph. 
The helium concentration as a function of time satisfies the equation: 

C(t} = C{O) exp (-v * t) 

whereas: 
C(t) = concentration of helium in air at time t (kg.m-3) 
C(O) = concentration of helium in air at time t=O (kg.rn-3) 
t = time (s) 

v = ventilation rate, the number of air changes per second of the 
room (s-1). 
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The ventilation rate can be found by simple linear regression on the 
data from the katharometer. 
The accuracy is about 10%. 

~:1:~:-Ib~_g2~2-~E9~i~i~iQU_~~~!~m 13.9.1 
The instruments, described in 3.4.2., are connected to an automatic 
measuring system. The system consists of: 
- the digitizer 
- the analogue multiplexor 
- the micro computer 
- the digital clock 
- the digital multiplexor, interfacing the analogue multiplexor, the 

digitizer and the clock to the micro computer. 
Figure 3.3. shows the connection of these components. 

DIGITAL 

MUX. 

VIDEO 

DISPLAY 

figure 3,3, Schematic diagram of the data acquisition system. 

The digitizer produces a 5 digit+sign numerical value for signals be
tween -400 and +400 mV. Digits are represented binary coded decimal 
(B.C.D.). Conversion is started by an external strobe which in this 
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case is issued by the micro computer. On completion a status signal 
is activated, which is detected by the micro computer, whereafter the 
digital data is transferred. Maximum sample rate is about 24 samples 
per second. 

The analogue multiplexor consists of ten relay modules and a control 
module. Each relay unit contains ten relays, which connect a selected 
input to a common output and closes two auxiliary contacts enabling 
the user for instance to apply a supply current to platinum thermo
meters. The control unit decodes an adress presented in b.c.d. and 
directs coil voltage to the appropriate relay. 
Switching is initiated by a strobe pulse, which is produced by the 
micro computer together with the relay adress. 

The micro computer is actually promoted as a desk top calculator by the 
manufacturer Compucorp; this apparatus is being used in a slightly 
unusual way. Like all of the members of the Compucorp 400 series, the 
425 contains a relatively large amount of software, stored in a read 
only memo~. This software is designed to interpret key strokes in 
order to make the machine behave like a calculator. 
For applications such as ours, requiring functions not supported by 
standard software, the programmer merely avoids use of the interpre
ter. This enables him to optimize his program regarding memory usage 
and/or execution speed. 
Subroutines within the interpreter remain accessible though. Some of 
the major characteristics of the machine are listed below: 

- Word length 64 bit data, 8/16 bit instructions. 
- Instruction cycle: 80 microseconds per memory reference 
- Max. memory space: 16 K (1K=l024). 8 bit words with 4! K read 

only memory standard. 
- Registers 1 * 64 bit; 1 * 16 bit; 1 • 8 bit; 1 • 4 bit; 

anonymous 4 bit stack pointer. 
- I/0 2 1 eve l interrupt; 8/64 bit seri a 1 progra11111ed 

1/0; 64 bit serial direct memory access. 

The digital clock. was added to the system to be able to meet timing 
demands made upon measurements. The instrument renders the "real world" 
time in six bfnar,y coded decimal digits formatted as: hour-hour-minute-
minute-second-second. 
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The digital multiplexor provides a number of options accessible at a 
single I/0 device actress. 
In our case a clock, a 32 bit output option, a 32 bit input option, 
and an 8 bit scanner option were installed. The 32 bit output option 
was selected for future use~ 
especially for switching power to little fans in the aluminum cylin
.ders around the Pt-100 thermometers for the measurement of air tempe
ratures. The fans will be used to ventilate the cylinders and in order 
to extend their duration of life the power will be switched on a few 
minutes before the actual measurement is done and switched off direct
ly after that. 
Eight bit relay actresses are made available to the controller of the 
analogue multiplexer through the scanner option. 
Of the 32 available input bits 21 are used to input data from the 
digitizer (5 b.c.d. digits+ sign). 
Eight more bits are used for input from the wind direction sensor. 

Using a standard Compucorp interface, ASCII (American Standard Code For. 
Information Interchange) characters can be put out to any device accep
ting RS232 compatible signals. 
Use is made of this facility to monitor data collected during the most 
recent period on a Video Display Unit (V.D.U.}. 
This produces an opportunity to take action upon suspected malfunctio
ning of sensors without interrupting measuring. 
For example: a disconnected platinum resistor will cause a value of 
400.000 mV to be displayed. 

A digital cassette recorder is used as mass storage device for storing 
data until it may be transferred to its final destination. 
The recorder with its built in interface is standard equipment from 
Compucorp. handling ECMA standard 34 cassettes. A 90 m. cassette typi
cally holds five days of sampling. 

Before ever.y experiment an inventory is made as to what channels (re
lays} are to be used and for what signals. 
This results in the creation of three lists: 
- a series of channels to be selected repeatedly (the so called conti

nuous scan}; 
- another series of channels to be inspected ever.y 30 seconds {the.3011 

scan); 
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finally a series of channels to be scanned only once at the end of 
every 30 minute cycle (the 30' scan). 

Corresponding channel numbers are stored in three tables in the micro 
computer's memory. At first the channels in the first table are scanned 
repeatedly until a 30 second time interval has elapsed. Then the second 
table is used once. 
These actions are repeated until 30 minutes have passed, whereupon the 
data from the channels in the third table is put in. 
Next all data is converted to ASCII (five digits plus a sign, a deci
mal point and a space occupy 64 bit, as did the data in its original 
representation). 
To complete the cycle, the data is stored on cassette and displayed on 
the v.o.u. 
Program flow is shown on the flowsheet in figure 3.4. 

figure 3.4. Flowsheet of the data acquisition system. 
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Using the RS232 interface the data collected during the experiment is 
sent to the Burroughs 7700 computer system of the University. 
To accomplish this a simple program was written, emulating a terminal 
sending lines of ASCII data to the central machine. 
Supporting software used,is 87700/CANDE, a timesharing system provi
ding a set of interactive program development tools including a text 
editor with an automatic line numbering option. 
A direct connection to the system currently allows a transfer rate of 
240 characters per second. 
As an average the data gathered during one experiment of 14-21 days 
takes two to three hours to be transmitted. 
Connecting the micro computer as a true satelite did not seem viable 
because of the amount of hardware and software involved and to be 
used only a few times per year. 

Though experiences with the system have been quite satisfactory some 
serious disadvantages are to be considered: 
- The micro computer is very slow. Recent types are at least 10 times 

faster. Using a faster machine would allow time for calculations 
with data being collected. For instance, converting voltage to tem
perature, evaluating standard deviations for rapidly changing sig
nals, computing ventilation rates as described in paragraph 3.·4.2. 

- A verY limited amount of system software is available for the micro
computer. At first we were obliged to program at almost the bit 
level (keying in instruction codes in octal representation) because 
an assembler runs only with a disc unit, which is not in our con
figuration. Therefore we developed a cross assembler, running on 
the 87700 producing a code acceptable to a loader program installed 
in the micro computer. This made life easier but still not exactly 
comfortable. Programming still requires a more or less experienced 
assembly language programmer. However, the system having been made 
operational should serve an educational purpose, i.e. be made, avai
lable to senior students. It follows, that it is highly desirable, 
if not imperative that such students should be able to program the 
machine themselves. 
Present day developments indicate that the graduate will more likely 
than not be confronted with a micro or minicomputer in his dayly 
practice. This is a strong reason for trying to give the student an 
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opportunity to gain some experience in programming small computers, 
though not necessarily at the assembly language level, which demand 
more time than generally is available for non major subjects. 

In short, the above reasoning tries to explain our decision to replace 
the Compucorp 425 by a machine of a more recent type. 
We chose the Compucorp 625, which is a complete system built around a 
Zilog Z-80 micro processor. 
The configuration includes: 
- a Z-80 micro processor 
- 40 K•8 bit semiconductor memory, expandable to 64 K 
- a built-in V.O.U. and keyboard 
- a built-in dual drive mini diskette subsystem with a total capacity 

of 604 K'*8 bit 
- an RS232 interface 
- four 16 bit parallel interfaces. 
Software supplied with the system includes a disk monitor, assembler, 
text editor and ba~ic interpreter. 

In the nearby future students will be able to program the data acqui
sition system using basic. 
This, we believe, will remarkably improve on the disadvantages of the 
present system, especially because the basic language is ver,y easily 
learned and systems like the Compucorp 625 are growing enormously 
popular at the moment. 

3.5. The verification of the computer model "KLI" 

The verification of the computer model has been checked in about 10 
practical cases, out of which two will be described. 
The first is a well insulated house with a relatively high heat capa
city made of concrete and having double pane windows, and the second 
one is an office room in the main building of the Eindhoven University 
of Technology, which is poorly insulated and has a relatively low heat 
capacity. 
The physical parameters measured were: 
1. solar radiation, total global as well as the diffuse radiation; 
2. windspeed and direction; 



3. ventilation rate; 
4. wall surface temperatures; 
5. air temperatures; 
6, air velocities inside, along the heat transmitting wall surfaces. 
The parameters were measured, for both cases, during two weeks con
tinuously, and the data were primarily treated by the data acquisi
tion system described in paragraph 3.4.3. 
After concluding the measurements, the data were react into the 
Burroughs 7700 computer system of the Eindhoven University of Technology. 
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3.5.1. The well insulated house 

figure 3.5. The w:ll insulated house in a block of three. Measure
ments were done in the one in the middle. 
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figure 3.6. The living rocm of the well insulated house. 
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figure 3.7. Layout of ground floor of the well insulated house. 

The living room, in this house, is used for the verification. The ver

tical facades consist of concrete (thickness 0.26 m), and glasswool 
(thickness 0.05 m), with a thermal resistance of 1.77 m2.K.w- 1• The win
dows are provided with double glass with a thermal resistance of 

0.34 m2.K,w-1• The floor consists of concrete (thicknes 0.13 m) with 

glasswool {thickness 0.05 m). with a thermal resistance of 1.66 rnl.K.w-1• 
The ceili-ng of the living room is made of concrete {thickness 0.13 m}. 
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with a thermal resistance of 0.11 m2,K.w- 1. The inside walls are made 
of two layers of gypsum {thickness 0.01 m each) with a thermal resis
tance of 0.22 m2.K,w-1• The roof consists of wood (thickness 0.013 m) 
with glasswool (thickness 0.12 m) with a thermal resistance of 3,36 
m2.K.w-1. 

The measurements and calculations were done without heating or cooling 
and the results are given in figure 3,8, 
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figure 3.8. Air temperatures measured and calculated in the 
well insulated house. incertainty in the calculated air 
temperatures 0.05 K (sunny days). 

It should be noted that the computer model "KLI" requires 3 days 
calculation to exclude the influence of the assumed initial conditions. 
These three days are not represented in figure 3,8, 

~~§~g~-I~~-Qff!£~_rQQID 

The office room has two facades consisting of wired glass at the out
side (thickness 0.006 m}, cork (thickness 0.025 m). steel plates at the 
inside, with a thermal resistance of 0.55 m2.K.w-l and double pane 
windows with a thermal resistance of 0.34 m2.K.w-1. 

The inside walls consist of brick (thickness 0.1 m) with a thermal re
sistance of 0.13 m2.K.w-1• The floor is made of concrete (thickness 0.45 
m) with a thermal resistance of 0.45 m2,K,w-l and the ceiling is made 
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of wood (thickness 0.02 m) with an al Jminum cover, having a thermal re
sistance of 0.01 m2.K.w-1• 

The measurements and calculations are done for a situation without 
heating or cooling and the results at·e shown in figure 3.12. 

figure 3,9, The main building of the University. The room where the 

measurements were done is situated at the ninth floor 
and is shown in the picture by an arrow. 
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fig ure 3.10. Picture of the inside of the office room. 

Also in :t i s case should be noted that the first three days are not 
presented to exclude the influence of the assumed initial conditions 
in the cJmputer program. 
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3.6. Conclusions 

As is shown in the figures 3,8, and 3.12. the calculated and measured 
values agree pretty well, considering the facts that: the inaccuracy 
in the temperature measurements is about 0.2 K; the calculated, tempera
tures are based upon homogeneous air and wall temperatures, while air 
temperature gradients of 0,5 K per meter and wall temperature gradients 
of 1 K per meter were found; the measured solar radiation was ~easured 
with an inaccuracy of 5%, 
In the case of the room at the main building of the Eindhoven University 
of Technology, the ventilation rate has been measured 5 times during the 
measuring period of two weeks leading to a mean value of 2 and a stan
dard deviation of about 0.5 air changes per hour. 
This relatively big standard deviation is caused by the strongly wind 
dependent air infiltration as a consequence of cracks in the facades. 
This standard deviation leads to an incertainty of 3.0 K in the calcu
lated air temperature. This incertainty shows the importance of more 
detailed measurements of the ventilation rate (see paragraph 3;4,1.) in 
practical situations. On the other hand this strongly wind dependent 
air infiltration is a measure for the "comfort quality" of the building. 
Assuming that this particular building is not unique, it means 'that more 
attention should be paid to the realization of the air tightness of the 
construction. In the heat balance equation for the indoor air (see equa
tion 3.15.) the convection plays an important role, as this effect damps 
the influence of the infiltration. 
The outdoor air infiltration in the well insulated house has been measu
red 5 times too and showed a mean value of 0.1 with a standard deviation 
of 0.01 air changes per hour. The incertainty of the indoor air tempera
ture is about 0.05 K. 

The change of the enthalpy of the indoor air as a function of time is 
described by the following equation: 

(3.15.) 

wherein: 
p = specific mass of air (kg.m-3) 

c = specific heat of air (J,kg-1,K-1) 
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V = volume of the room (m3) 

v = ventilation rate (s-1) 

A; = surface area of wall i (m2) 

q1 = heat flow to or from wall i (W.m-2) 

Te = outdoor air temperature (K) 

Ta = indoor air temperature (K) 

t = time (s) 

The first part of the right side of equation (3,15,) gives the total 
heat flow by convection between the wall and the indoor air. while the 
second part gives the heat flow by infiltration of outdoor air, 
The change of the indoor air temperature as a function of time is de
rived from equation (3.15.): 

(3,16.} 

wherein: 

( :~a) = change in indoor air temperature by convection (K,h-1} 
conv 

(:!a). = change in indoor air temperature by infiltration (K.h-1} 
1nf 

In table 3,3, the different components of equation (3,16.) are shown 
for the well insulated house on the 26th of August. 

c'lT a) (K.h -1) eTa) (K.h-1) 
.sT 1 ora -1 time (h) a -

n- conv « inf 
6t (K.h ) « (K.h ) 
calculated measured 

11.00 0.98 (;!; 0.2) -0,34 (± 0.2) 0.6 (± 0.3) 0.3 (t 0.2) 
12.00 0.85 (± 0.2) -0.48 (± 0.2) 0.4 (t 0.3) 0.4 (t 0.2) 
13,00 0,98 (t 0,2) -0.45 (t 0.2) 0.5 (:!: 0.3) 0.5 (:!: 0.2} 
14.00 0.33 (t 0.2) -0,40 (:!: 0.2) -0.1 (± 0.3) o.o (:!: 0.2) 
15.00 0.19 (± 0.2) -0,39 (:!: 0.2) -0.2 (:!: 0,3) o.o (:!: 0.2) 
16,00 0.02 (:!: 0,2) -0.27 (± 0.2) -0.3 (;!; 0,3) -0.2 (± 0,2) .. . . . . . . . . . . . . ' ...... . '' .......... . . ' .. ' 

Table 3.3. Change of air temperature as a function of time for the well 
insulated house on the 26th of August. 
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The phaseshift between measured and calculated air temperatures is 
within the measuring accuracy; the derivatives of the air temperatures, 
calculated and measured, are of the same order as their inaccuracies. 
Furthermore table 3.3. shows that in this case the influence of convection 
and infiltration on the indoor air temperature are of the same order. 

The case described above, illustrates, like the office room, the neces
sity for more detailed measurements of wall temperatures and infiltra
tion rates. The fact that the well insulated house was an experimental 
house so that special attention was paid to the construction, i.e. the 
air tightness of the walls, made that the accuracy of the results of 
the calculations was less influenced by the inaccuracy of the measure
ments of the ventilation rate. 

As mentioned in paragraph 1.5. testing computer programs in reality is 
very important. This chapter intended to give an insight in the diffi
culties in doing so, showing the inaccuracies in measurements. Others 
have comparable experiences j3.10.I. They show that comparison of com
puter programs can show satisfactory results, if the boundary conditions 
are the same, however as we stated, testing in reality is found to be 
the most important activity in future. 
The authors end their publication with the following statement: 

"The ea 1 cul ati ons should be verified by measurements. Experiences 
from such trials show that it is very hard to control all factors 
even if one uses large scale measuring equipment. Measurements of 
a simple house model -a cube with an edge side 1 meter long- have 
been performed by the Department of Heating and Ventilating Engi
neering at the Institute of Technology in Stockholm. The cube lacks 
windows and the walls are of concrete. Insolation on the cube's 
walls and roof (5 directions) and some 50 temperatures have been 
recorded. In spite of this the measurement values did not contain 
sufficient information from the beginning. Not until after several 
amplifications were made did it become feasible to do a careful 
analysis and perform comparisons with the BRIS program. The .result 
was very satisfactory and will be published in a separate report". 
The sensibility of the program is probably best illustrated by two 
anecdotes: 
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1. During the adaptation of the measured data and the first calcula
tions on the well insulated house, described above, the measured 
and calculated air temperatures in a room directly under the roof, 
differed about 1 K. The reason for this rather big discrepancy was 
found in a layer of about 2 cm of water on the flat roof of the 
house. After introducing this layer in the computer program, the 
agreement was within the inaccuracy of the air temperature measu
rement. 

2. In an other case the occupants in a room of a house were simulated 
by light bulbs. The internal load of the room was simulated as if 
human beings were inside. The results of measurements and calcula
tions again showed discrepancies of 1 to 2 K. 
After we realized that a light bulb is warmer than a human being 
and in consequence is transferring its convective and radiative 
heat in another ratio as a human being, the correct ratio showed 
an agreement between calculations and measurements within the in
accuracy of the temperature measurements. 

More recent results show that in buildings which were heated and/or 
cooled, the calculations of the energy consumption over a period of 
a week has an inaccuracy of 5%. whem compared with the actual situa
tion. 
The computer program "KLI" is reliable, and can be well used for the 
prediction of indoor climate as well as the prediction of energy con
sumption of buildings. and in consequence the model is used for the 
development of design aids 13.4.1. 
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CHAPTER 4. THERMAL EVALUATION OF EXISTING BUILDINGS 

4,1. Introduction 14.1., 4.2.1 

The procedure which is followd, in order to evaluate existing buildings, 
can be devided into two phases: 
- measuring phase 
- calculation phase. 
The measurements are done to get insight in the quality of the con-

. struction and to check the reliability of the computer mod~l "KLI". 
The physical parametersto be measured, are (see also chapter 3): 
1. solar radiation 
2. windspeed and direction (for infiltration) 
3. outdoor humidity (only if an airconditioning system has been installed) 
4. outdoor air temperatures 
5. indoor air temperatures 
6. indoor wall temperatures 
7. air velocities inside (along the heat transmitting wall surfaces) 
8. ventilation rate 
9. efficiency of the installation: fans, pumps, boiler, which is de-

termined by flue gas analysis) 
10.composition of indoor air (02, N2• co2 and H2o concentrations) 

The parameters are measured and primarily treated by a data acquisi
tion system consisting of (see also chapter 3): 
1. multiplexer (100 channels) 
2. A.D. converter 
3. calculator (16 K bytes semi conductor memory) 
4. digital cassette recorder (250 K bytes on one cassette tape). 

After concluding the measurements, the data are read into the Bur
roughs 7700 computer system of the Eindhoven University of Technology. 
The outdoor parameters are put into the model "KLI 11

, after which de
tailed calculations follow. The detailed calculations will be compared 
with the detailed measurements. If discrepancies occur between calcu
lations and measurements, additional measurements will be performed, 
for instance if the wall surface temperatures, measured and calculated, 
do not agree, the actual heat resistance will be determined. 

-59-



If the agreement between calculations and measurements is sufficient, 
the "Reference Year" is put into the mathematical model (see chapter 
3). With this reference year the average annual energy consumption 
of the building is determined, 
Finally a variety of changes in the construction as well as in the 
installation is imposed on the model "KLI", calculating the average 
annual energy consumption for each of the proposed changes. 

4.2. Thermal evaluation of a school building 

1!~!!!_Q~~sri~~12~-Qf_~b~-~SDQQ!_2~il~iD9 

The primary school "De Zandbank" is situated in Lelystad (see figure 
4.1.). 

The school exists of 9 rooms for the class teaching, which are situ
ated around two open spaces in the centre of the building (see figure 
4.2. and 4.3.), 

The school is of the half open type, which means that the different 
classes or groups of pupils are not in one big space, but in "conven
tional" class rooms, from which the walls partly are left out. 
The school is set up for a maximum of 270 children. but during the 
measurements only 175 of them plus 8 teachers were present. 
The construction exists of wooden columns. on which wooden. laminated 
girders are mounted. On top of the wooden laminated girders plates of 

7 cm wood-wool cement {Durisol-Mevriet} and 3 cm of glass woo1 are 
mounted. The thermal resistance of this roof is about 1.3 m2.K.w-1. 
The facades consist of single pane glass (6 mm thick} and a construc
tion of two plates of gypsum (0.5 cm each). where in between 3 cm of 
glass wool is mounted. the thermal resistnnce is about 1 m2.K.w-1• 
The floor is covered with 2 mm felt carpet and under the floor, insula
tion material is mounted, so that the overall thermal resistance is 

2 -1 about 0.5 m .K.W • 
The heating installation consists of two systems: 
1. floor heating system, controlled by the outdoor temperature. de

signed in such a way, that the indoor air temperature during night
time is kept at 16°C; 
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figure 4.1. The primary school "De Zandbank" 
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figure 4.2. Inside of the school building 
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figure 4.3. Floorplan of the school building. 

2. induction units, placed along the facades at the inside, to control 
the indoor air during daytime together with the floor heating; 
fresh outdoor air is preheated centrally up to 15°C and supplies 
after further conditioning in the induction units, the necessary 
ventilation. 

The exhaust of air takes place via the fans in the toilets in the 
centre of the building. 
The artificial lighting is produced by fluorescention lamps, placed 
under the wooden girders. 

1~g!g~-~i~~!~~i2~_2f-~~~-~~~!i~9-~~~!~~-~f-!b~_§£b2~l-2~il2i~9 

The computer program 11 KLI 11 needs some additions in order to describe 
the control of the indoor climate by the induction units and the 
floor heating system. 
As the amount of outdoor air, which is introduced by the induction 
units, is known and the temperature of the air, which leaves the in
duction units is a known function of the indoor air temperature, a 
sma 11 addition to the right si de of equation ( 3. 5.) of chapter 3 has 
been made: 

p~c~QA~ {T;u {T1(t})- T;{t}} (4.1.) 
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wherein: 
p 

c 

= specific mass of air (kg.m- 3) 
specific heat of air (J.kg-l.K-1) 

QA =flow of air. introduced by the induction units (m3.s- 1} 
Tiu = temperature of the air leaving the induction units ,(K} 
T i indoor air temperature (K} 
t = time (s) 

The floor heating system (see figure 4.4.) consists of a mixing valve 
and piping in the floor and in- and out-let manifolds. 
The mixing valve is controlled by the outdoor temperature in such a 
way that the supply water temperature to the piping in the floor is 
a function of the outdoor temperature. 

The total amount of heat transferred to the floor is described by: 

wherein: 
-3 Pw = specific mass of water {kg.m ) 
-1 -1 cw = specific heat of water (J.kg .K ) 

-1 Qw = flow of water (m3.s ) 
T1 = inlet temperature of the water (K) 
T2 = outlet temperature of the water (K) 

OUTDOOR THERMOSTAT 

BOILER 
FLOOR HEATING 
SYSTEM 

figure 4.4. The floor heating system 

( 4. 2.) 

The piping in the floor is considered to be surrounded by floor parts 
with a temperature Tfloor• which leads to the following approximation 
of the relation between T1 and T2: 
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T2 = Tfloor + (Tl- Tfloor) * exp (-4.:~v*.~w) (4.3.) 
. Pw w w w 

wherein: 
-2 -1 

~ = heat transfer coefficient from the water to the pipe (W.m .K ) 

~=·length of the pipe (m) 

Pw = specific mass of the water (kg.m-3) 

~·. = specinc heat of the· water (J.kg-1.K""1) 

Vw = velocity of the water (m.~-l) 

Dw = d1ameter of the pipe (m) 

The floor is divided into two l.ayers as if it w.as a "double pane. 

window" from which the two panes together have the actual dimensions and the 

physical properties of the floor. 
In one of the two layers an amount of "solar radiation" .is absoroed 

(see formula (3.2.) of chapter 3): 

The. heat transfer coefficient betWeen the two layers has 'been made. 
-2 -1 . 10000 W.m .K • 

After a first estimation ofT floor , the telllperature T2 is calculated, 

etc. unti 1 the wanted accuracy of T floor and T 2 is reached. 

1.:~.:~.:.-B~§~H§ 

The measurements were done in October 1976. Some of the results are 

given in the figures 4.5., 4.6. and 4.7., in which also the tempera

tures, calculated with "KLI", are represented. 

The figures represent that part of the total measuring period, in which 

the outdoor air temperature was about 15°C, and the floor heating was 

set to its maximum capacity in order to test the model under ext~me 
conditions. 

In chapter 3 we have seen that the inaccuracy of the temperature mea
surement is 0.2 K, in addition the vertical temperature gradient in 

the room was about 0.5 K.m-1 and the inaccuracy of the ventilation 

rate is about 0.2, leading to an inaccuracy of the air temperature of 
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figure 4.5. Indoor air temperature in one of the two open 

spaces in the centre of the school building. 

fi gure 4.6. Calculated and measured supply water temperature of the 

floor heating system. 
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figure 4.7. Calculated and measured return water temperature of the 
floor heating system. 

about 3 K. This illustrates the difference between the measured and the 
calculated air temperatures of about 1 K, as is shown in figure 4.5. 
The peaks in the left part of figure 4.6., especially in the supply 
water temperature of the floor heating system, are caused by automatic 
rising of this temperature to accelerate the warming-up of the school 
building in the morning. 
The big peaks in the right part of figure 4.6. were caused by failures 
in the temperature sensors, which after they were replaced moni tored 
the temperatures well again. 

1~g~1~_sQ~r~_£QQ~~~e!iQ~_Qf_!b~-~sb22l_~~i!9iD9 

After the test series the model is used for the calculation of the 
average annual energy consumption in the existing situation with the 
actual thermostat setting of 21.5°C during daytime and 19°C during 
nighttime and the actual ventilation rate of 2.7 air changes per hour 
during daytime and 1.8 air changes per hour during nighttime, leading 
to an energy consumption by the heating system of 253 * 103 kWH natural 
gas per year (see table 4.1.), taking into account the measured effi
ciency of the boiler of 70%. 
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Changing the thermostat setting and the ventilation rate to the values 
specified in the design, which are rather simple measures, about 44% 

of energy can be conserved (see table 4.1.). 

If the insulation of the building is improved, by installing double 

pane windows and doubling the insulating material in the walls and in 

the roof, an additional 27% of energy can be conserved. 

table 4.1 . 
Calculated energy consumption per year as a function of ther

mostat setting (SET), ventilation rate (VENT.RATE) and con
struction type. 

4. 3. Conclusion 

The method, described in this chapter, for the determination of the "energy 
quality" of a building gives a possibility to estimate in a reasonable 
way the energy consumption of a building. 
It is a rather expensive procedure, because the whole experi ment takes 

a lot of man hours and computer hours, and in consequence it is not 
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applicable to determine the energy conservation, to be achieved by 
certain measures, in every building. Still in this case where the 
school is going to be built repeatedly the research costs per school 
building is estimated to be about f 7000,-, where the suggested mea
sures (better insulation and sealing cracks), to be taken to conserve 
energy, will save some f 2500,- per annum per school (using f 0.22 
per m3 of natural gas and a caloric value of 8.8 kWH per m3 of natural 
gas). 
Installing double pane instead of single pane windows will cost about 
f 16000,- extra, better sealing of cracks and doubling the insulation 
.material in the facades will cost about f 4000,-. 
The total costs for the investigation and the extra investments will 
be f 27000,-, leading to an approximate pay-out time of 10-11 years. 
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CHAPTER 5. BASIC CONCEPTS FOR THE DESIGN OF SWIMMING POOLS 

5.1. Introduction 

In the past 10 years the water temperature in swimming pools has 
risen from 22°C up to 26°C or even higher. In several swimming pools 
the temperature of the water during some days of the week, is control
led at 28°C to 30°C (especially for elderly people and invalids). 
The air temperature is set to a value which is approximately 2°C 
higher. The origin of this temperature difference appears to be a 
historical practice and is more or less based on intuition. 
Generally the relative humidity is controlled at 65% 15.1.1. 
There are only two reasons for the control of the temperatures and 
the relative humidity at the levels, mentioned above: 1. an attempt 
to satisfy the demands or preferences of the swimmers leaving the 
water, to provide a comfortable climate for them, 2. protection of 
the construction, i.e. to avoid condensation inside or at the surface 
of the walls. 
A comfortable climate is obtained when the heat transfer from the 
body to the environment is balanced with the heat production in the 
body. In the water the skin temperature is nearly equal to the water 
temperature, caused by the high heat transfer coefficient ranging from · 
1000 to 2500 W.m-2.K-1, while the metabolism ranges from 150 to 250 W 
per square meter skin surface. Out of the water the heat transfer from 
the body to the environment is mainly determined by the wettedness of 
the swimmer. 

Billington 15.2.1 described a comparison between the physical processes, 
which determine the drying of the wet swimmer at the side of the swim
ming pool, and the wet thermometer. 
At the wet bulb heat supply by the environment is equal to the heat 
transport by evaporation. The bulb is therefore lower in temperature 
than the environment. 
The drying swimmer, however, is not a psychrometer, because he is 
heated from the inside, and in consequence evaporation takes place at 
the temperature of the skin, which is higher than the temperature of 
the environment. 
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The heat transport is proportional to the enthalpy difference. 
Billington states: all you need to do is to raise the wet bulb tempe
rature in order to fulfill the demands of the drying swimmer. He ne
glects the fact that the wet bulb is shielded from radiation. 
The swimmer however is much bigger than a physchrometer and is not 
shielded, so that the influence of radiation cannot be neglected. 
Moreover the skin temperature is not homogenous, and some other effects 
like changing air velocities around the body and changing the position 
of the body, are involved leading to discrepancies between the actual 
situation and the reasoning of Billington • 

. Jn other words Billington recognized the importance of two·physical 
processes: convection and evaporation,and forgot about the third: 
radiation. 

The increase in the water and the air temperatures, and of the absolute 
humidity has a number of undesirable consequences: 
- the energy consumption rises 
-the indoor climate is very uncomfortable for non swimmers (personnel, 

visitors, spectators, etc.) 
- the risk of condensation on windows and other construction parts in

creases. 
These problems made us consider another approach. 
Is it possible to achieve comfort for the swimmer some other way? 
The solution of the problem cannot be found in the building and/or the 
installation; it has to be found in Man, or rather, in the thermo-phy
siological properties of Man. 
In order to specify design criteria we need to know the thermo-physio
logical loads on Man. We must understand the conditions of the drying 
swimmer. 

5.2. Pilot study for the design of a swimming pool 

In every architectural design activity, Man with his terms for the 
indoor climate, is a starting point. This theorem will be illustrated 
by the study, preceeding the design of a swimming pool. 
In a.swimming pool a number of activities should take place at the 
same time, swimming, wa'lking on the quai, giving and taking instruc-
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tions, spectating, etc. Each of these activities implies specific 
terms towards the indoor climate, especially the nearly nude and wet 
Man at the side has a bigger thermal load as the clothed spectator. 
This leads to a big discrepancy in terms to put on the indoor climate 
by the two categories of activities, mentioned above. 
For the determination of the thermal comfort of Man, two thermo-physio
logical computer models are used: 
- the model "Gagge", for quasi-stationairy situations (see chapter 2}; 
- the model "Stolwijk", for non-stationai ry situations (see chapter 2). 

The model "Stolwijk" is used for an investigation leading to the adap
tation of the model in order to describe the thermo-physiological 
behaviour of a wet swimmer just coming out of the water. 
The model "Gagge" is used for all the other activities. 
The models describe the relation between a number of thermo-physiolo
gical parameters as a function of the activity level, the clothes, and 
the parameters of the indoor environment: the air temperature, the mean 
radiant temperature, the air velocity, and the humidity of air. 
The adaptation of the model "Stolwijk" consists of the addition of an 
evaporative term: 

• FPCL(I) • S(I) (5.1.) 

wherein: 
E (I} 

V 

FPCL(l) 

evaporative heat loss of segment I of a wet person 
(W) 

= saturated water vapour pressure at the skin of seg
ment I(Pa) 

= water vapour pressure of the air (Pa) 
= convective heat transfer coefficient of segment I 

at an air velocity of o.l m.s- 1 standardized for 
each segment (W.m~ 2 .K- 1 ) 

= air velocity (m.s-1) 

Nishi's permeation efficiency factor of segment I 

ae + aecl 

aecl 

S(I) surface area of segment I (m2) 
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The evaporative heat loss is representing an amount of water evapora
ting per unit of time from the skin surface. Starting with an initial 
amount at time t=O, every next time interval the amount will decrease 
until finally the body is dry, and thus E(I) will be zero. 

In order to test the model,experiments were done with 7 subjects (males 
aging from 20 to 27 years old). 
The subjects of experiment were provided with Pt 100 (Platinum resis
tance thermometers). These thermometers were monitoring the skin tem
perature, one at the chest, one at the arm, one at the upper leg, and 
one at the lower leg. The mean value of these four temperatures repre
sent the average skin temperature of the whole body according to 
Ramanathan 15.3.!. 
The recta 1 temperature, representing the temperature of the core, is 
monitored too. 
These subjects were put under a shower with water of 25,9 ± 0.7°C 
during 10 minutes. After that they were placed on a "Bed Balance" as 
used in hospitals and suited for measuring weight decreases with an 
accuracy of 1 gram. On the balance a cistern was placed, filled with 
oi 1 in order to catch the dripping water (see figure 5 .1.). 
During the experiments the OXYgen consumption was measured a couple 
of times by means of a spirograph, leading to the order of magnitude 
of the metabolism. At the meantime the environmental parameters were 
measured (air velocity, air temperature, humidity, surface tempera
tures of the walls). The data were gathered with a data acquisition 
system and put on magtape cassettes. These data were fed into the 
Burroughs 7700 computer system of the Eindhoven University of Tech
nology after the completion of the experiments (see chapter 3). 
In figure 5,2. the amount of water present at the skin of the 7 sub-. 
jects, is given as a function of time, whereas figure 5.3. gives the 
mean value of the amount of water, present at the skin as a function 
of time. 
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figure 5.1. Subject of experiment with the instrumentation to 

measure the evaporative heat loss f-om a wet skin. 
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figure 5.2. The amount of water present at the skin of the 7 
subjects as a function of time. 
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figure 5.3. The mean amount of water present at the skin of the 

7 subjects as a function of time. 
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In the figures 5.3. and 5.4. the experimental data are compared with 
the results of calculations with the adapted model "Stolwijk" •. 
The initial amount of water on the skin and in the bathing trunks is 
130 g per square meter skin surface, and the average of the measured 
metabolism is 60 W per square meter skin surface. 
The experimental conditions were: mean air temperature 24.8°C with a 
standard deviation of 0.4°C. mean radiant temperature 24.4°C with a 
standard deviation of 0.5°C, mean air velocity 5 cm.s-1 with a stan
dard deviation of 0.1 cm.s-1• and mean relative humidity 32% with a 
standard deviation of 2%. 
Figure 5.4. shows the mean skin temperature as a function of time. 
The figures 5.3. and 5.4. show, as far as the calculated graphs are 
concerned, some discontinuous parts. These are due to the drying up 
of some of the segments of the body. 

CALCULATED 

---------------------- MEASURED 

'10 20 40 50 
--t(MIN.) 

figure 5.4. Mean skin temperature as a function of time. 
-----measured -----calculated 

As shown above the model "Stolwijk" has been made to approach 
the thermo-physiological behaviour of drying Man in a sufficient degree, 
necessary for engineering purposes. 
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The agreement between the measured and calculated amount of water on 
the body as a function of time is within the spread of the experimen
tal data, and the same counts for the skin temperature where the expe
rimental data showed a spread of 1.5°C. 

5.3. Comfort areas·for the.different activities of·men in·a swimming pool 

In order to obtain design criteria on the basis of the adapted thermo
physiological model "Stolwijk", the following information is needed: 
a. the thermophysiological condition of a person leaving the water as 

dependent on the activities and the time spent in the water, and 
the temperature of the water 

b. coupling of the thermophysiological model with a comfort scale. 

ad.a. Sporadically available literature shows that the articles of 
Craig and Ovorack l5.4., 5.5.1 give the appropriate information, 
as they describe the skin and the core temperature after water 
immersion as a function of water temperature and activity level. 
The agreement between their results and our measurements of skin 
temperatures and rectal temperatures at the activity level, of 
60 W per square meter skin surface is good (within 0.5°C). 

ad.b. The adapted model 11Stolwijk" is only of value, out of an archi
tectural point of view, when thermal comfort or discomfort can 
be predicted.' This means that a relation between a comfort scale 
and thermophysiological criteria is necessary for a sudden change 
from a cold to a "neutral" environment. The wet swimmer is near
ly always at the cool or cold side of the "neutral" situation, 
which means that his skin temperature is a measure for thermal 
comfort. 

In order to make the application of known comfort criteria possible, 
we consider the drying process as divided into two consecutive inter
vals: 
- interval 1, between the moment the person leaves the water and about 

10 minutes later; the period in which th~ skin temperature rises ra
ther quickly, and the first segments in the model dry up (see figure 
5.3.); 
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-interval 2, the time necessary to reach the final, steady state, 

level of the skin temperature, when the body is dry. 

After leaving the water the skin temperature of a swimmer should rise 

0,3°C to 0,5°C per minute to be comfortable j5.6. j. 

As shown in figure 5.5. the Tmrt should be between 35°C and 40°C, 

to read to reach this level. 

figure 5.5. Skin temperature of a wet person as function of 
time at 24°C air temperature and several mean radi

ant temperatures. 

The steady state level of the skin temperature should not exceed appro

ximately 34°C, which is the comfortable level for a dry person. 
In figure 5.6. the comfort area of a wet person, during the last phase 

of the drying process, is drawn (from comfortably cool representing a 
skin blood flow of 1.75 * 10-3 kg.s-1.m-2 skin surface to comfortably 

warm representing a hypothetical situation in which a dry person would 

have a skin wettedness of 20%). 
The metabolism is 70 W.m- 2 skin surface, the relative humidity is 60%, 
the air velocity is 0.1 m.s- 1 and the clo value is zero. 
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figure 5.6. Area of thermal comfort (comfortably cool to comfor
tably warm) of a wet swimmer during the last phase 
of the drying process. 

The other categories of activities are represented in the figures 5.7., 
5.8. and 5.9. 
These comfort areas are based upon calculations with the model "Gagge". 
The metabolisms are respectively: dry swimmer 70 W.m- 2, bath superinten-

-2 -2 dent 90 W.m , and spectators 60 W.m • The insulating values of the 
clothing are: dry swimmer 0 clo, bath superintendent 0.4 clo, and spec
tators 0.6 clo. 
The air velocity is 0.1 m.s-1 and the relative humidity is 60%. 
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SWIMMER 

SWlMMER 

figure 5.7. Areas of thermal comfcrt (c)mfortably cool to comfortably 
warm) of a wet and a cry ;~immer. 

figure 5.8. Areas of thermal comfort :co~fortably cool to comfortably 

warm) of a wet, a dry swimme~ and a bath superintendent. 
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figure 5.9. Areas of thermal comfort (comfortably cool to comforta
bly warm) of a wet, a dry swimmer, a bath superinten
dent and spectators. 

As shown in figure 5.9., it is impossible to realize a suitable environ
ment for all the categories mentioned, if heating is taken place by 
indoor air. 

5.4. Radiative heating in a swimming pool 

Application of radiant heating solves the problem, mentioned in the 
previous paragraph. 
In anactual situation, without radiant heating, the indoor air tempera
ture _determines, together with the outdoor conditions, the indoor sur
face temperature of the walls (all the walls are in contact with out
door): 

Ts = Ta- Ri • U • (Ta- Te) 

wherein: 
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Ts = surface temperature of the walls (°C) 

T = indoor air temperature {°C) a 
Ri indoor heat resistance at the walls {m2.K.w-1) 

U = mean U-value of the walls, heat conductance (W.m-2.K"'1) 

Te = outdoor air temperature (°C) 

Choosing a mean U-value of 0.65 W.m- 2.K-l and Ri = 0.13 m2.K.w-l (as 
is done in figure 5.10,) leads in this specific case to: 

Tmrt ~ Ts = 0.92 * Ta + 0.085 * Te 

wherein: 
Tmrt = mean radiant temperature (°C) 

(5. 3.) 

The mean radiant temperature calculated by formula (5.3.), gives the 
lower limit of the graph representing the relation between Tmrt and Ta. 

Applying radiant heating gives an upper limit, determined by the maxi
mum in asymmetry of the radiation that Man can accept. 
Mclntyre uses the parameter Vector Radiant Temperature (VRT} to des
cribe the asymmetry j5.7.j. 
The VRT is defined by the difference in mean radiant temperature mea
sured at one side of the body and the other side. 
In several experiments general comfort votes were influenced by VRT's 
higher then 20°C {in situations which were thermophysiological neutral). 
The voting was uncomfortable for VRT's between 10°C and 20°C if direct 
questions on the radiative heating were posed. In order to be sure 
about comfort, Mclntyre suggests a margin of safety by taking 10°C as 
the maximum acceptable VRT. 
Nevertheless the maximum for VRT is 20°C, which we took as a starting 
point for the following calculations. A VRT of 20°C means that one half 
of the walls of the room is 20°C warmer than the other half, and in 
consequence that the Tmrt can be 10°C higher then the Tmrt calculated 
with formula (5.3.): 

Tmrt (maximum) ~ Tmrt (minimum) + 10 (°C) 

The maxima and minima of the Tmrt are drawn in figure 5.10. for as 
well the summer as the winter situation without th~ influence of solar 
radiation (outdoor temperature in summer situation is taken 35°C and 

in winter situation -10°C). 
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figure 5.10. Thermal comfort areas in a swimming pool with walls 
with a mean U-value of 0.65 W.m- 2.K- 1 

As shown in figure 5.10. the shift from the summer to the winter pe
riod in the Tmrt lines is rather small and of course determined by 
the insulation of the walls, which also determines the slope. 
The air temperature should be controlled between boundaries given by 
the vertically drawn lines (this is done for the summer situation as 
well as the winter situation), which directly leads to the information 
on the mean radiant temperatures for the different categories of per
sons. Each group with a specific activity and clothing can be provided 
with the required mean radiant temperature if they have their specific 
place in the swimming pool (see figure 5.11.). 
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figure 5.11. Application of radiative heating above the quai in 
a swimming pool. 

5.5. Conclusions 

All the categories of Man in a swimming pool, mentioned in the pre
vious paragraphs, can be described well in a thermophysiological way 
by the two computer models "Gagge" and "Stolwijk", which lead to air 
temperatures between 22°C and 26°C and mean radiant temperatures be
tween 20°C and 35°C. 

The representation of the results of the calculations as done in fi
gure 5.10. gives insight in the basic requirements for the design. 
The requirements can be fulfilled for all the groups simultaneously 
by the application of radiant heat sources. 
The design shou.ld be worked out in further detail by using the compu
ter program "KLI" (see chapter 3). This computer program has been adap
ted to determine the hourly air temperatures as v1e 11 as the surface 
temperatures. 
Radiant heat sources can be situated in the room and mean radiant tem
peratures can be calculated in any position in the building, thus gi

ving more sophisticated information about the design and the control 
of the air and the radiant heating system in a swimming pool, by coup
ling the model "Gagge" and/or the model "Stolwijk". 
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On the other hand by introducing a mathematical description of equip
ment, like heaters, coolers, heat pumps, a good insight in the energy 
consumption and conservation will be achieved. 
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CHAPTER 6. FUTURE PROSPECTS 

As is shown in the previous chapters, some important and reliable 
too 1 s have been deve 1 oped to judge the "comfort qua 1 i ty" as we 11 as 
the "energy qualfty" of a building. 
It is clear that the models are not only applicable to existing buil
dings, but could well be used for design-aids and the determination 
of basic concepts for the design, 
Specific applications of the thermophysiological computer models de
pend on research to be done on the specific categories of activities 
of Man. 
A further extension of possibilities for the calculation of physical 
parameters in buildings is under investigation, and led, just a few 
months ago, to the coupling of a lighting (daylight as well as artifi
cial light} computer program with the model "KLI". Coupling of the 
thermophysiological models with "KLI" is in progress, and in some 
specific cases already successfully applied. 
A new lecture room will be ready at the end of 1978 and then will 
give the possibility to repeat the experiments, mentioned in chapter 
2, more extensively. 
The acquisition of data will also be treated in a more sophisticated 
way by means of a micro computer, which will not only gather informa
tion on the physical parameters in the room, but which will also 
gather automatically the votes of the ballots by push button systems, 
and in the near future will control the installation as well. 
As far as the instrumentation is concerned, the data acquisition 
system will be modernized, as already mentioned in chapter 3, giving 
also the possibility to scan more channels (up to 256) in the same 
time. 
The gas-chromatograph will be used for the determination, to a higher 
extent as up to now, of human comfort in existing buildings as far as 
indoor ventilation and air pollution is concerned. 
More research should be done on the pressure distribution around buil
dings as a function of windspeed and direction. This may form a basis 
for a more reliable wind dependent ventilation rate as input in KLI. 
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Finally we are going to pay more attention to methods of measuring 
the actual air infiltration in buildings, which should be determined 
continuously to get insight in the air tightness of constructions and 
which could lead, together with the information about the pressure 
distribution around buildings to relations between wind speed and 
direction and air infiltration. 
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SAMENVATTING 

Behaaglijkheid en gezondheid van de gebruikers vormen uitgangspunten bij 
de beoordeling van bestaande gebouwen. 
De gebruikte energie wordt zoveel mogelijk beperkt.door ten aanzien 
van gebouw en installatie.economisch verantwoorde maatregelen te nemen. 
De samenhang tussen behaaglijkheid en energieverbruik wordt nader uit
gewerkt. 
De beoordeling van het gebouw geschiedt met behulp van een tweetal 
thermofysiologische computermodellen van de mens, en met behuJp van 
het computerprogramma "KLI", dat de warmtehuishouding van het gebouw 
beschrijft. 
Het computerprogramma "KLI" wordt getest met behulp van een omvangrijk 
meetinstrumentarium dat een groat aantal binnenklimaattechnische zowel 
als buitenklimaattechnische parameters meet. 
Met behulp van een data acquisitie-systeem warden de gemeten gegevens 
automatisch geregistreerd en opgeslagen. 
De testen hebben aangetoond dat het computerprogramma "KLI" betrouw
baar is. 
De procedure die gevolgd is bij de "thermische kwaliteitsbeoordeling 
van het schoolgebouw "De Zandbank" in Lelystad wordt behandeld en be
sparing van het energieverbruik voor verwarming van ongeveer 60%, 
door betrekkelijk eenvoudige maatregelen, is berekend. 
Het gebruik van de thermofysiologische computermodellen bij het ont
werp van een zwembad toont de wenselijkheid van toepassing van 
stralingspanelen voor de verwarming aan. 
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STELLINGEN 

1. Het tot stand brengen en beheersen van een gezond en behaaglijk 
binnenklimaat zijn voor de mens van het grootste belang met het 
oog op het vervullen van zijn aktiviteiten. 

Dit p:roefsahrift: hoofdstuk 1 

2. De beheersing van het binnenklimaat met een gering energieverbruik 
vergt een goede afstemming op elkaar van gebouw- en installatie
eigenschappen. De Afdeling der Bouwkunde van de Technische Hoge
school Eindhoven zal zich alleen dan gunstig kunnen onderscheiden 
van andere architectuuropleidingen, wanneer wetenschappelijk onder
zoek op het gebied van ontwerpen wordt opgezet temidden van de ont
werpers en de toeleveringsdisciplines door onderzoek op het ontwer
pen leren inspelen. 

Dit p:roefsahrift: hoofdstuk 1 

3. Energiebesparing door verlaging van de thermostaat~instelling in 
de winter en, voor zover sprake is van koeling, verhoging van de 
thermostaat-instelling in de zomer, is aanzienlijk. Bovendien heeft 
dit geen invloed op de behaaglijkheid, mits het kledinggedrag erop 
wordt afgestemd, 

Lammere, J.T.H., BePglund, L.G., en Sto~ijk, J.A.J.: 

EnviPonmental Management, Vol.2, No.2, 113-117 (1978) 

4. Installaties in huizen en gebouwen dienen zo eenvoudig mogelijk te 
warden uitgevoerd, en na oplevering dient de gebruiker c.q. con
cierge te kunnen beschikken over de laatste revisietekeningen van 
de installatie, zowel als een goed bedieningsvoorschrift. 
Dit geldt ook voor zonne-energie-installaties. 

HamakeP, J., HoekstPa, H.C.A., Koppen van, C.W.J., Wolde van, 

J.T.T.: 

Het Zonnehuis van de Teahnisahe Hogesahool Eindhoven. 

RappoPt WPS 3- 78.11.R264, Teahnisahe Hogesahool Eindhoven 
(1976) 



5. Toepassing van stralingsverwarming in overdekte zwembaden is nood
zakelijk om te kunnen voldoen aan de behaaglijkheidsvoorwaarden, 
behorende bij de verschillende door mensen, aanwezig in het zwem
bad, uitgevoerde aktiviteiten, mede gezien de door hen gedragen 
kleding. 

Dit proefsahrift;: hoofdstuk 4 

6. De betrouwbaarheid van gecompliceerde en omvangrijke computerpro
gramma's als "KLI" is pas goed vast te stellen door de berekeningen 
aan bestaande gebouwen te toetsen met behulp van uitvoerige metingen. 

Dit proefsahrift;: hoofdstuk 2 

7. Toepassing en regelmatiggebruik van computerprogramma's als "KLI" 
door architecten en adviseurs is alleen te verwachten als dit soort 
programma's geimplementeerd warden op mini-computers. 

8. De Afdeling der Bouwkunde van de Technische Hogeschool Eindhoven 
onderkent het grote belang van onderzoek als basis voor het weten
schappelijk onderwijs onvoldoende. Dit komt onder andere tot uit
drukking in het feit dat de direkte onderwijslast als uitgangspunt 
wordt gekozen bij personeelsformatie bij de vakgroepen. 

9. Emancipatie van de vrouw mag niet leiden tot voorbijgaan aan de rol 
die zij van nature dient te vervullen in een gezin met kinderen. 
De "moederborst" is voor baby's en kleuters van wezenlijk belang in 
hun ontwikkeling, creches en dergelijke zijn dan ook onmenselijk. 

10. Verdere uitbreiding van strafmaatregelen voor sportmensen, die 
overtredingen begaan tijdens sportwedstrijden, biedt geen oplos
sing voor het probleem van toenemende spelverruwing. De invoering 
van een groene kaart naast de bestaande gele en rode kaart kan dat 
wel. Een team krijgt een groene kaart voor elke 15 minuten spel 
zonder overtredingen.Deze is equivalent aan een gele kaart en kan 
deze compenseren. Bovendien moeten twee groene kaarten, verzameld 
in een wedstrijd, een penalty of strafbal opleveren te nemen na 
afloop van de officiele speeltijd. 




