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A research i s  being carried out ccncernin-cq the use of windows md  doors 
i n  an appartrent bui lding i n  Schicdar i n  the Netherlands, 
The investigations consist of m inquiry end of continous raasurermts 
for a period of about two years on 1280 windows and doors of BO dwellinps, 
During the reasurerents there i s  cnly a d ist inct ion between the closed ilnd 
not-closed posit ions of windows and outside doors, because e i rp le  swi tcher 
are used. 

The following conclusions can be drawn: 

- the reasurerent technique i s  re l iable even i f  the v i s i b i l i t y  is  bad. 
- there i s  a linnear re lat ion between the m k l y  rean of the nurber of open 

windows and outside doors and the rean outside terperrture. 
- thwe is a characteristic B a w i M  p d t e r n  for t h u s e  & - d m ,  

pivoting windows m d  f lap  windows f w  the l i v i ng  roar, the bedrocrs, 
the kitchen, galery side md  balcony side. 

- the rost  i r p w t r n t  ro t ive  f w  venti lat ion is the discharge of polluted 
indoor a i r .  

- 25% of the windows that arc open arc set ajar, 75% are oplwed rare wide. 
- therr is a good correspondence of the resul ts of t h r  inquiry and 

those of the reasurerents 
- the windows and doors that are open during too many hours a day resul t  i n  

a rean cstirated heatingloss of 4.5 63 per heating season per dwelling, 

1 w INTRODUCTION 

1.1 General - 
An investigation i s  being carried out fly thc THO Bivision of Tschnology fo r  
Society concerning thc use of windows m d  doors i n  m appartrent building 
i n  Schiedar. Schiedar i s  ~ i t u a t r d  8% the west side of Rottcrdar i n  thc 
Wetherlmds. 
The project that has bean in i t ia ted  by flwitzrrland within the f rs re  of the 
International Energy Agency (IEA) prograrr with the t i t l e  a 

Ynhabi tants Behrviour ni t h  Rsgard to  QentilaticnB (Annex Q J I  I1 



The situation on this rorent is that Belgiur, The Wetherlands, fierrany,Switzerland, 
and England participate in this research project, Belgiur is the "Operating 
Agentn. 
Our reasurerents started on 26 Woverber 1904 and d 11 continue 
till the end of the heating season of 198511986. 

1.2 Purpose 

The purpose of the project is: 

1, Deterrination of the inhabitants behaviour with respect to ventilation 
and its relations to the inner and outer clirate conditions. 

2, The estiration of the energy loss due to this behaviour. 
3. The study of the rotives of the bchaviour. 
4, The study of changes in the behaviour due to infornation and 

instruction to the inhabitants. 

1.3 The building 

In the riddle of the building is a staicase and elevators. There are 
14 dwellings per floor and 10 floors. 
Fror the total of 140 dnellings 00 are taken on basis of willingness 
of the inhabitants, looking at the front facade 44 at the right of the 
staircase and 36 at the left (Figures 1 to 71, 
Above every pivot window is a ventlight or flap window. 

Figure 1 .Front facade as seen from the West. 



Figure b , The building as it can he viewed Cror the Wsrth-East. 



Figure 3 . Surrwndfngs of the building, 



Figure 4 . boaking t a  tha Worth-Wcrt from the building, 

Figure S . Balcony Facade 04 onc apprrtrent as seen from the Drt, 



elevator not aeasured 

Figure 7 . Scheratic view of the f ron t  facade as i t  appears an de CRT 
af the reasuring coeputer i n  the bui lding. The black rectangles 
represent the windows and doors, F i l l e d  black weans closed. 

I n  Figure 7 a p r in te r  durp i s  shown f roa de CRT of the aeasuring computer. 
It shows a scheratic f r o n t  view of the bu i ld ing  i n  which the f l o o r s  are 
nusbered f r o r  1 t o  9 and 0 on the pos i t i on  of the elevator and the 
apartaents from l e f t  t o  the r i g h t  f t o  14. The large blank rectangles 
are the apartrents that  are not included i n  the aeasurements, The others 
show on the top side s r a l l  rectangles being the windows and the door on the 
galery side ( f ron t  facade) and on the b o t t o ~  the windows on the balcony 
side, I n  t h i s  way every window i n  the seasurerents i s  represented as a ssa l l  
rectangle tha t  i s  f i l l e d  when the window is closed (apearing black m the 
p r in te r  duap) and open or not f i l l e d  when the window is open. This screen 
layout was very e f fec t i ve  during the i n i t i a l  check on the funct ioning of 
a1 l windows. 



2. The Inquiry 

Qn January 16 and 17, 1985, verbal inquiries have been set up in 
70 of the 00 dwellings, 
flost of the results are expressed in percentages of the total 70 dnellings, 
Soae results are: 

Table 1 , The nueber of persons per dwelling. 

I z persons 1 47 1 33 I 
--- - 

1 person 

4 persons 
5 persons 

-- 

total= 246 persons in 70 dwellings 
n is the absolute nuaber , 100 X = 70 

nusber of dwell ings 

Only in 6 dwellings are children under the age of 10. In 44% of the dnellings 
(32) one or nore persons were older than 50. 
In 71% of the dwellings one is  hone aost of the tiae, 
In 11% of the dnellings nobody is hoae for wore than 5 hours a day, 
In 4X of the dwellings this is the case during the weekends. 
At night there is only one dwelling in which one is frequently absent. 

% 

9 

The large bedrooa on the balcony side is used in 95% of the dwellings. 
In Table 2 is indicated which probleas occur most frequently, 

n 
6 



Table 2. Problers i n  the dwellings 
- 

odour fro8 neighbours 
condensation on windows 

noi sc f r a r  neighbours 
dischargr of cooking odour s 
stench from outside 
cold terperaturc radiance 
discharps of water vapour 

~udours f ro@ the own dwelling 
heating of r o w s  (without the top f loor)  

noise f r o r  0 ~ t S i d ~  
noise  fro^ the own dwelling 
ro isturc on walls 

Problars with the discharge of polluted indoor a i r  and with the 
heating on the top f loor  here occur rost  frequently, 

Table 3. The arount i n  which one is sat is f ied with the indoor c l i r a te  

just not satisfied 



Table 4, The use o f  windows and tho balcony door i n  the l i v ing rmr r  

co ld below 0 drgree Cslsius 
less colds above 0 deqtae Ca l r iu r  
n is the absolute nulber , 100 X 70 

Thare has also been asked how wide windows are opmed. For a l l  window5 and 
the balcony door i t  i s  v a l i d  t h r t  25% of the windows t h r t  are open a r r  
opened about 20 rr and 75% was opend r w e  wide. 

I n  Table S the use of the windows i n  the large bedroor on the balcony side 
i s  indicated. 

Tabls 5. Thr use of windowa i n  the bedroor, 

L e f t  and r i g h t  ef the windous has been defined rr seen f ro@ inside. 



3, HEASUREHEHTS OF WINDOW AND OUTSIDE DOOR WSITIMIS 

3,1, Hcthod and setup for the rrrsurerents 

Far the being open or closed of the 1280 windows md outside doors 
reed relais and ragnets are used, Pcr dwrllling there are 7 qenrble 
wfndowr a d  doors on the galery side md 9 wr the balcony ride, 
W total of 16 par dwelling. On avrry window or outride door a ragnet 
hrr been rttrched. The reeds are aounted on the window frare and every 
reed has parallel to its contrcts a binary coded resirtmce. This reans 
that ?he resirtrnce values increasr aith r factor twtt. 
The reedrelais are connectsd in series per facadr of ow dwelling, 
Fror every facade of a dwelling a twin cable is connected ta the data 
accquisition syster placed in a roar on the brscrent floor, 
Llith the total series resistmca Sot mr  facade i t  can be deccded which 
individual windows are open, Wn open windcw correrpmds with an open reed 
so the prrallel resistor i s  measured, A closed window reans a closed contxt 
and the resistor is short circuitad, The hyrtaresis fror open to c lou  md 
vier vsrsa arounts apromIratrly 13 8a on the window oppositr the pivots. 

The lowest rrrirtrnce is 100 Ohr. The largest rnirtanca on the qalwy side 
i s  6400 Ohr md 25640 Ohr on the balcony side, tha total rerier resistance 
on one facade is 25kS md Jjki Ohr, 
The ruriral tolerance in thc series reristance f s  half the value of the 
soallcat rasistrnce i.r. 30 Ohm, This reans that the inaccuracy of the largest 
resirtances has to be less than 0.39 % on the galery side and 0.097% on the 
balcony side, 
The resistances are selrstcd md trirred with a c~binatfon of fixed 
rr t r l  4iIr rn i s tors  with thr rid of tha saw w l t i n t a r  lhrt i r  usrtl 
in thr lamsuremanta cwrtrolled by r p rqr r r  which t r l l r  which resistor 
her to br addd to trir .  The raxfrur deviation i@ l i  Ohr en the galery 
and 19 md for rore imps 23 Ohr cn the balc~ny %id@ ( rrx 0,04% 1, 

High derrndr rra rrde on thr quality of the rultfrrrlrr for thr lrwe thm) 
9 bit on r i t e  rrrsurrrmlr, Tha t o td  wire l t n g t h  is 23 kr, a l l  connrcted 
to the single endd scmnrr! 
Adjustrmt~ r r r  sad@ for thr trrparatura corfficimt of the ratrlfilrt md the 
resistance of the copper lrada of the twin cable which is 16 to 30 Ohr. 



The corputer prograr that controls the reasurermts stores a l l  window 
positions as 12810 b i t s  a t  the s tar t  of each hour. During th r  hour only 
the changes within one dwelling are stored with the hourr nurbrr md  the 
elapsed t i r e  since the btpinning of the hour. 
Every window w i l l  be wrsur rd  evary IS t o  20 seconds Irougly 240 t i r r s  an 
hour). 
Every 10 r inutes 12 other channels are scanned, They fncluder 
outside terperature, ra in fa l l ,  sun rhinr, windvelocity near the facades, 
pressure d i f  f erence over the building, the terperature of the central heating 
syster supply, retour m d  th r  terperature i n  a venti lat ion shaft. 

Every three hours the data i s  racorded on the disc, which c m  contain 
up to  15 days of reasurerents (a260 kbytesl. 

411 reasurrd resistances are corpared with their  last  values on the 
sare facade and dwelling. This i s  necessary when a windm switchas during 
the reasurerent t i r e  of the ru l t i rc ta r ,  This chance i s  w a l l  but i t  would 
result i n  a reaningless deciral rcs istmce sorewherr inbetween the range 
of the t rmsient ,  Therefore when r change occurs the reasurerents loop 
a liri ted number of t ines u n t i l  two sequential readings give the la re  
window positions, 

3.2. Results of the reaaurarents 

The? posit ionr of a l l  i280 windows and doors has been raasured f r o r  week 48 
i n  1984 t o  week 19 i n  1985. Sore rc ta t ive ly  sral1 interruptions ~ c u r r e d  
caused by r disturbance i n  the ra in  e lectr ical  supply, r disc f a i l u r r  
and probably a scanner fai lure, The data that has been los t  by t h i s  i s  
not so i rpor tmt ,  
The a v a i l a b l ~  reasurarrntr r rp r r smt  the heating saaron quite wll, 
Rrasurerents have been rade a t  cold and very cold 4 -13 drgrre C@tsius) 
warther and also weathrr shmgecr t o  r e l r t i v e l y  wrrrw periods or r  
included. 

3.2,1. A typical  24 hour uattmpn 

I n  Figure 8 a typical pattern of the use of a l l  l28O windows m d  outside 
doors i s  represented, On thr  10th of Becarbar 1984 the wtridrn tc~lprratura 
has been 8 t o  9 degrees (day and night1 with a windspead of 7 t o  8 a/s fro@ 
the? Gouth-West m d  Mart, During the day therr  we@ sora sun~hinr  given 1~ 
i n  percentage of th r  longest possible t i a r  04 sunshine on that day, 



A t  night the number of opm windows Is very constant. Then there are 134 
windows and doors open (l2XI. Itn the w r n i n g  f r o r  7:00 t o  8:QO a aorningpeak 
wi th  218 windows and doors (17%). During the rorn ing a ~ ~ 0 0 t h  decrease t o  the 
p rac t i ca l l y  constant afternoon level  (13% = 132 windows md dwrrs). Then 
f r o @  17r00 I n  the beginning a sharp decrease m d  fur thar  on gradual t o  the 
n ight  level.  
The nucbcr 04 windows m d  doors that switches s h o u  t h r  fa l lowing things: 
A t  night very l i t t l e  snitchings. Fror 7:00 an inerease of the numbw 
of windows tha t  u s  closed and the number of windows tha t  are opened, 
h a t  of these changes are however door switchings, of which the greater 
par t  i s  arlwayl mas opening followed by a closing. 
On 12100 r r e l a t i v e  low n u a k r  of changcs, On 17100 an increased levc l ,  
probably caused by persons coming hose, And a f t e r  that a steady decrease 
with a r i n i a u r  on the t i r e  of the 20:00 news on the te lev is ion  , 
This i s  followed by sore @ore switching5 befare going t o  sleep. 

n'ght day B 9 temprature 
7 8 wjnd r!r 3 BY !/BY d ~ r e c t r ~ n  - 50 sun 11 

10 Dec 
--+ tirne 

open " 
the number s f  t i r e s  
r window would 
sn i tch a day 

c l  osa 

I0 Dec 

Figure 8 , 1 t yp ica l  24 hour p a t t w n  



the graphs of opening and closing windows seer t o  bee very s y r e t r i r a l  l y. 
This i s  caused b i  j the re la t i ve1  y large nurber of door passages which they 
include, 
Per day there i s  a rean o f  35 switches per dwelling. I t  has t o  be noted 
that  not a l l  door passages can be detected when they occur i n  less  than 
15 t o  20 seconds, as tha t  i s  the t i r e  of one scan trough a l l  1200 windows, 
I door passage which takes 5 seconds has a 252 chance of being detected. 
1nd i f  i t  i s  detected i t  w i l l  seer f r o r  the recordings tha t  i t  was open 
f o r  15 t o  20 seconds, which i s  the t i r e  resolut ion in t h i s  setup, 

100 X = 1200 windows / outside M r  

0 
7 Feb 8 Feb 9 Fet - t i r e  

night day n ight  day n ight  
1 2  0 -i -4 terperaturr  

open 
I B 9 0 8 wind r!e 

WIRY ElNE E ElNE NE d i rcc t ron  - 43 - 0 - sun X 

the nurber of t i r e s  
r ulndpn would 
switch a day 

7 Feb 8 Feb 9 Feb 

Figure! 9 , A wheather change and the use of windows and doors, 

3,2,2, 1 weather change 

I n  Figure 9 the use o f  windows and doors is represrntad f o r  the days 
7 , 8  and 9 Rbruary  1985. This i s  a par t  o f  rreek B, During theac days 
there was a sudden weather change, The n igh t  leve ls  are decreasing frm 
13 X t o  8% and h%, while the outside tesrperature is  decreasing a l i t t l e  
fro@ 1 degree t o  0 and -4 degrees, flare iaportant,  however, i s  the change 



i n  windspeed and direction f ro r  I r l s  t o  9 a l s  on the night of February 8, 
while the wind direction changed f ro r  Worth-West t o  East. This Beans that 
the wind blows t o  the balcony facades where ros t  of t e  used windows are 
situated, 
The d ~ r e a s i n g  use of the windows i s  probably caused by the stronger wind 
which blows on the windows md  not by the lowering of the t r rprrr ture,  
This weathcr ehmge i s  the rost  pronounced one i n  tha, p r e ~ n t  reasuring 
period . 

, 

100 X 11280 windows / outside doors 

0 - 
7 Jan 8 Jan 

--P t i r e  

nigh d y n' h t  ay -11 -1 -1s -f t eapwa t~ re  

3 
9 S 1 6 wind rls 

WE WE SW SISW direction - 90 - 50 sun % 

the nurber of t i r e s  
a windon wwld 

0 
switch r day 

close 

7 Jan 8 Jan 

Figure 10, Cold nlnter days 

3,2,3.. Cold wintrr days 

Even on thase cold days (rre Figure 10 1 with rather auch wind f ro1  
the Worth_East there ere s t i l l  38. of the windmg y e n  (311, 
The day-night a rp i i  tuda i s  obviously saal l e r  then fo r  instance on 
Dccerber 10 ,1984, (3 t o  6% peak-peak). Here approxlaataly 2% peak-park. 
Corprred t o  Dcceaber 10, 1984, there the nurbrr of of open windows i s  
3 t o  4 t i r e s  sral ler, 



0 -1 
4 Feb 5 Feb 6 Feb 

--+ t i r e  
n i  h t  day "ishi a b t!qcntur. 

4 4 1 3 wind rl? 
S1SE SISW E E direction - 81 - 54 s u n %  

I 
the nurber of t i ~ s  
I windon would 0 

switch a day 

close 
-5 I 

4 Feb 5 Feb 6 Feb 

Fipure 11, Hean winter days 

3,2,4. &an winter days, 

I n  Figure 11 the usr of uindows on Fcbruari 4 and 5, 1985, is  represented. 
There i s  a f a i r  arount of sunshine wr there days. 
The nipht l cvc l  13% ( a  166) is p r ~ t i c e l l y  the sarr as on Daccrbsr 10, 1984. 
The day-night r rp l i tude (peak-peak) i s  about 7X , with which the dry l ev r l  
rrrches 19 t o  20 % (s 243 t o  278 wind~crs and outside doors open), 
I n  thc afternoon the balccny side is the leeward side and we beligva that 
t h i s  results i n  a second peak of the nurber of open windows i n  the afternoon. 



of the windows 
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Figure 12, The precentaqe of open windows during the whole reasuring 
t i r e  till week 19, 1983. (100%=1280 windowsloutside doors) 

n 
percant age 
of the windows 
that i s  open 

0  -------C + I 0  

.t outside terperaturc 

Fiyure 13. The re lat ion between the ncekly rean outsidc telaperature 
and tho? weekly rcan us@ of windows and ~ u t s i d e  dwrs. 
(10011f 280 windonsloutride  door^) 



I n  Figure 12 the course of the use of r indors m d  outside decrs i s  plotted 
against the reek nurberr. The very cold periods i n  the weeks 2, 3 md b 
and 9 .  
ere obvious. The rost st r fk fng weaaer change happens i n  week b , 
I n  Figure 13 the re lat ion between the outside tcrperature and the use o l  
windows and outdde doors are rrprerentrd, both b a r d  on makly Bran values. 
The following results c m  br  noticadr 
- there i s  a Ilnear re lat ion betrern the weekly aean nurbcr of windows 

that ere open and the outside tsrpcreture, 
- the corralation i r  vwy  high BOP huraan behaviour (r=0.96). 
- the deviations are caused by other weathcr m d  % i re  influancar, 

I t  rust be %r id  that rcs t  r ind  Inf l luncrs are rroothed i n  the waakly mans, 
This is probably the w i n  rearm l o r  the hiph corr t lat ion o l  0,9b , 
Lyb~rg  has rurrr r ised 8 raseachs on thc use of nindowr and found lhertr 

i n  which n = the percentage of open windowr 
Dta the tcrperaturc difference between inside and outside 
the veluc of the constant i r  1.B t o  2,b . 

Mhtn wa take sore point of t h r  rrasurerents f c r r  Fiyura 15, say 0 d e g ~ ~ ~  
and 10 X ,  i t  yields a constant of 2 with m inside tcrprrrrture of 20 
degrew C. 
This value i a  f a i r l y  within the range 1.8 t c  2.b of Lybatp, 
However tha f w w l a  of Lybcrg would r n u l t  i n  r hyperbolic f u n c t l ~ n  i n  
Figure 13. 



balcony fa cad^ 

Figure 14. View on the facades, The nuder5 in the windows are the bit 
n u ~ b w s  in the eoeputrr and they are used in the following 
Figurer and text, 
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bed roo@ 

L 

bed roo@ living roar 

12 

balcony 
door 



2 5 
I00 I = 80 outside doors 25 3 

percentage 28 

open 28 

the nurber of tises 10 
a door would 
switch a day 0 

[-28 
close 

$ front  door 

24 D@rc 
time 

24 Dec 

balcony door 

24 Dec 

4------ 24 Dec . 

Figure $5, The use of outside doors, (100% a 80 doors) 

3.2.6 The use of the outside doors 

The being open and the nurber of snitches f o r  the f ron t  door and the 
balcony door d i f f e r  a l o t .  The Bean percentage of opm i s  f o r  the f ron t  
door aprox 0.5 X . But we have t o  take i n  account that  not al l  door passages 
can be detected because the whole scan along the 1280 windows is too slow 
(15 t o  20 seconds) I s  catch ther  a l l .  Fror  the aeasurements i t  i s  0.5 X 
open which reans every f r o n t  door is open f o r  7 ainutes per day, but t h i s  
w i l l  be laore i n  rea l i t y .  The balcony door i s  open about 3 X s f  the t i re .  
During t h i s  winter t i r e  there we SX of the balcony doors open a t  night, 
surely set ajar, It appears that  t h i s  door i n  the l i v i n g  roo@ i s  used 

s i r i l a r  t o  the use of windows i n  the bedrooms. Before leaving the roola 
windows are opened t o  a i r .  When one i s  i n  the room less windows are open, 
But we have t o  a d r i t  tha t  i t  i s  a ~ r a l l  group that  has t h i s  behrviour, 
The nurber of door passages of the f ron t  door is higer than that  of the 
balcony door, 
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Figure 66, W g n t l i ~ h t s  an the balcony s idc a d  the galery sidr.  

b ce@prriron o4 the e w  cf the vent l ights  an t k r  balcony side (no B) 
and on $ha gsrllry side (ao b) can bra @ad@ frm F f p u r l  Ib l  
Srt r r r r l  mrp@ctr rrr caurinf t h i s  d i f fwane@. b% 04 t h m  are! 
- rams en the barlceny r i d e  ara sere f repumkly u s d  
- b u r g u l ~ r y  @+fact on the galary r i d a  
- the ga l r ry  s ide f r  o f ten the windward side 
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I n  Ffgurg 20 i t  tan Its seen that  i n  the bedroors 23 t i r a r  w r e  vent l ights  
a r r  span on the balcony side than cn the galery ride, 
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Figure 17, Pivot windews on the balcony side and the qalery sider 

I n  Figure 11 the u w  of the p ive t  window on the balcony r i d e  (no 13) 
and one on the galery r i d e  (no 6) arc reprcscntcd f ~ r  the sare bedreers 
as i n  the previous paragraph 3.2,7. 
The dif ference is la rge i n  the prrcenbaga open as wel l  a% i n  the nurber 
o f  snitchings a day. TWO windows on the galery side e r r  continuously 
l e f t  oppn. They have f l y  g r i d  i n  Brent. 
On thc balcony side the nurbw ef open p ivo t  windows ir r o r e  than I t i r e s  
greater than on the galcry  side (see Figure 201, 
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Figure 18 , The r o s t  widely used vent l ight  and the p ivot  nindow. 

3.2,9 The r o s t  frequently used vent l ight  and p ivo t  window. 

I n  Figure 18 i t  can be seen that  the day-night changes f o r  the vent l ight  
are saal ler than those f o r  the p ivot  nindow. Pivot windows show aore 
switchings too. The vent l ight  has a larger  percentage open (about 45 2) 
than the p ivo t  window (20 X t o  about 10 XI I 
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Figure 19 . The vent l ight  and the p ivo t  window i n  the kitchen. 

The kitchen is at  the galery side. The peaks i n  the use of the windows 
coinciae with the lo ren ts  of preparing rca ls ,  One large nindow (no 4) is 
l e f t  open a lso a t  n ight ,  here again the one with a 41y g r i d  i n  f ront ,  
The vent l ight  (no 3) is f a r  sore frequently used. The f a c t  Lhat Decerber 24 
i s  a special day f o r  kitehen use does not show up i n  the use of the 

windo#s as we have seen i n  fur ther  analysis, 
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Figure 20. Overview o f  the Bean use o f  rindows i n  week 52 i n  % of the 
nurber o f  each s p ~ ~ i f i c  window I= 801, 

3.2,11, Overview o f  the use of windows and doors i n  week 52. 

Figure 20 shows the aean percentage of open windows and doors i n  week 52, 
The lf vinproor fo r  instance shows a 10% (4 windowr) us@ of the vsnt l ight.  
This also aernr tha t  f o r  energy considerations e ~ s r y  ven t l i gh t  i s  open 
f w  2.4 hours a day. 



balcony facade 

Figure 21. Corparison o f  the resu l t s  f r o r  the inqui ry  and f ro8  the 
reasureeents. The percentage of open windows i s  indicated. 
F i r s t  thc reasurcrentslsesond the inqu i ry  result .  

I n  a f i r s t  super f i c ia l  consideration we looked a t  what people say they do 
and what they do i n  rea l i t y .  This i s  done by taking the rean of the resu l t s  
of the inqu i ry  f o r  co ld and less co ld weather, and the r e s u l t s  o f  the 
reasurerents f a r  week 52, This has been done f o r  the large bedroo& on$ t h r  
l i v i n g  roor. 



5. Prelirinary energy consideration 

Fror the inquiry it has been seen that 23 X of the windows and doors 
that are open are set ajar and the reraining 75 Z is open more wide. 
Based on previous investigations 143 the contribution of a l l  windows 
can be estirated. A shortcoring of this preliminary estiration is the 
neglection of the flon through the cracks of the windows when they are 
closed or the increase of the flow when they are ~pened on opposite facades. 
Were we take only the flon throuhg single windows and thus rake a too 

.low estimate, 

The flow through the specific windows is calculated a t  a windspeed of 
5 rls and a terperature difference of 15 degrees and then rultiplied 
by the percentage of open windows. 

open ventlights 15 dr3lr 
open pivot windows 27 dr31s 
open balcony doors 2 dm315 

e-----m------m----m-------------------- 
+ 

total 44 dr31s 

When we assure a reasonable ventilation a t  about 25 dr3ls ( say 100 r3 per 
hour-) then thr rean overshoot arounts a t  least 19 ddls. 
This reans an unnecessary energy loss of about 5000 WJ (ZOO a3 dutch 
natural gas or abwt 200 l i t r e s  of o i l )  per heating season, 
For those that rake sn excessive use of the windows these figures 
nil1 bc a factor 3 higher. 
I t  has to be noticed that, although not frequently rentioned in the inquiry, 
over heating of the roars due to the one-pipe heatinq syster md the 
large building rass will betose r problem for sore occupants when they 
will rake less USE of the windows, 
f s o l a t i ~  of the heating pipes will solve the problel but since the heat 
fror the pipes is not detected by the hcat-cost-counters i t  cm partly be 
considered as charge free heating, and i t  has to  be doubtrd if occupants 
can be instructed to act rore fundarental and thereby save energy for 
their fellow bui ld ing  occupants. 



6. CONCLUSIONS 

- The chosen aeasurerent technique wi th  reed relays, aagnets and coded 
resistances operates even a t  low terperatures , 

- The chosen reasurerent technique has the advantage of also aeasuring 
a t  n ight  and bad v i s i b i l i t y ,  

- There i s  a strong l i n e a r  r e l a t i o n  between the percentage opcn windows 
and the outside terperature when both are the weekly reans, 

- Weather changes can be seen d i s t i n c t l y  i n  the recordings ( f i gu re  91. 
- There i s  a c lcar  di f ference i n  the use of windows on the balcony m d  

the qalery side, 

- I n  week 52 i n  Deceaber 1984 can be, seen ( f i gu re  20 1 I 
Ventl ights are 14% opcn on the galery and 24 X on the balcony side 
Pivot windowr are 3% open on the galery and 11% on the balcony side 
The f r o n t  door i s  open 0.5% (with sore tolerance) and the balcony 
door 4% 
There i s  a character is t ic  pat tern f o r  the use o f  windows and dows, 
This pat tern i s  d i f f e r e n t  f o r  exarple f o r  the l i v i n g  room, bedrooa 
and kitchen. 

- Ventl ights are opened or closed (changed) less frequently than large 
p ivot  nindows. 

- Pivot windows show a large aorning peak t o  a i r  the rooas. This 
takes 10 hours on the average fo r  the windows that are opened, 

- I n  a nuaber of dwellings the balcony door i s  used t o  a i r  the l i v i n g  
rooa at  night. 

- Froa the inqu i ry  the  r e s t  i rpo r tan t  contr ibut ion i s  how f a r  windows are 
opened, besides the ro t i ves  f o r  vent i la t ion.  
25% of the open windows are set ajar,  75% i s  ~pened acre wide. 

- the aost i rpo r tan t  r o t i v e  f o r  the use of windows i s  discharge of po l lu tcd 
indoor a i r ,  

- The agrearant between the inqui ry  and the rersureaents f o r  the percentage 

of Open windows i s  good. 
- an e s t i r a t i o n  f o r  tho unnecessary heat loss  due t o  leaving windows 

too Long open i s  3000 WJ per dwel l ing per heating reason ( t h i s  i s  
about 200 a3 dutch natural gas w 200 l i t r c s  of o i l ,  11400 kWh) 
For the group tha t  rakes excessive ~ s c  of the windows these f igures 
cm be up t o  15000 WJ per dwelling per heatingserson (400 r 3  gar , 
600 l i t r e s  o i l  or 4000 kWh). 

Not ica: These conclusions ara deterained f o r  an appartrent bu i ld ing 
and they will probably not be v a l i d  f o r  other bu i ld ings o r  
other locations. 
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