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1. I n t r o d u c t i o n  

Wi th in  t h e  framework o f  the  nat  i ona1 research p r o j e c t  "Vent i 1 a- 
t i o n  i n  housing cpnstruct ion ' '  , stud ies  on occupants ' window 
opening behaviour were conducted i n  a demonstration bui  1 d ing  i n  
Duisburg (West-Germany) which a l so  formed p a r t  o f  the p r o j e c t .  
This demonstration b u i l d i n g  which was ra i sed  i n  1983 i s  a row- 
house composed o f  3 blocks. I n  each block the re  are fou r  f l o o r  
l e v e l s  w i t h  two f l a t s  each. Fig. 1 shows the  p lan  o f  a b lock 
f l o o ~  w i t h  2 apartments, each cover ing a f l a t  f l o o r  space o f  
80 m . The storeys have an east/west o r i e n t a t i o n .  A l l  apartments 
are equipped w i t h  a cen t ra l  v e n t i l a t i o n  system. I n  the  d i n i n g  
room, the  parents '  bedroom and t h e  c h i l d r e n ' s  room, there  i s  a 
double-sash window, w i t h  one side/bottom sash f i t t i n g  and one 
casement hung respect ive ly .  The s i t t i n g  room window i s  a f i x e d  
window, t h e  balcony door has side/bottom sash f i t t i n g s .  

Fig, 1 Ground p lan  o f  a b lock  f l o o r  w i t h  two f l a t s .  Ground p lan  
and s i z e  o f  f l a t  are equal f o r  a l l  t he  24 apartments 
inc luded i n  t h e  survey, 

2. Measured Val ues and P l  ausi  b i  1 i t y  Test ing 

I n  order t o  a1 low the  continuous record ing o f  vary ing opening 
pos i t i ons ,  every window sash and door l e a f  i s  furn ished w i t h  
contact  sensors. Accordingly, e l  even window contact sensors were 
i n s t a l l e d  i n  each f l a t ,  Every 30 minutes, t he  data prov ided by 
these contacts are recorded by t h e  cen t ra l  data logger. The 
present ana lys is  i s  based on data compiled between Jan. 1 s t  - 
Dec. 31, 1984. No l ess  than 4.6 m i l l i o n  values out o f  t he  data 



recorded i n  t h i s  per iod are r e l a t e d  t o  window opening. Add i t io -  
nal l y ,  a1 1 re levant  weather data, (such as a i r  temperature, wind 
vel  o c i t y  , g l  obal i r r a d i a t i o n  e tc  .) , were cont inuously recorded as 
we1 1 as temperatures, humidi ty,,agd energy consumptions f o r  room 
heat ing and domestic appl iances . 
P r i o r  t o  processing t h i s  complex data mater ia l ,  it was consider- 
ed necessary t o  have a l l  measured values checked f o r  t h e i r  
p l a u s i b i l i t y .  When checked, some measurement contacts were found 
t o  be f a u l t y  (both temporar i l y  and throughout the  e n t i r e  mea- 
sur ing  per iod) .  I n  a f u r t h e r  p l a u s i b i l i t y  t e s t ,  both opening 
per iods and opening pos i t i ons  o f  any side/bottom hung sash were 
checked i n  d e t a i l .  Due t o  design and p o s i t i o n i n g  o f  the  measure- 
ment contacts, t he  side/bottom hung sash window w i  11 be reg i  s t e r -  
ed t o  be open i n  the  side-hung p o s i t i o n  by both the  s ide and the  
bottom contact.  I f  the  same window i s  open i n  the  bottom hung 
pos i t i on ,  however, t h i s  i s  recorded - only  by the  bottom contact. 
Consequently, f a u l t y  recording must be assumed, whenever the  
opening times recorded ( f o r  one and the  same sash) by t h e  bottom 
contac t  are shor ter  than those recorded by the  side contact.  I n  
t h e  f i n a l  analys is ,  on ly  those rooms w i t h  100 % r e l i a b l e  measure- 
ment contacts were considered, i. e, a l l  of a room's eleven win- 
dow contacts had t o  pass both p l a u s i b i l i t y  t e s t s  i n  order t o  be 
e l  i g i  b i l e  f o r  evaluat ion.  The respect ive p l  a u s i b i l  i ty  t e s t  re- 
sul t s  are compiled i n  Table 1. While approx. 70 % out o f  the 1 i - 

Tab1 e 1: P l a u s i b i l i t y  t e s t  r e s u l t s  f o r  window contacts i n  the 
rooms under observat ion 
(Measurement per iod :  Jan. 1 - Dec, 31, 1984) 
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v i  ng rooms, parents ' bedrooms, and chi  1  drens ' rooms have passed 
t h e  p l a u s i b i l i t y  t es t s ,  there  i s  only  one d i n i n g  room p rov id ing  
co r rec t  data. Since t h i s  one d i n i n g  room i s  not representa t ive  
f o r  s t a t i s t i c a l  evaluat ions,  i t  i s  excluded from the  ana lys is .  

3. Frequency and Durat ion o f  Open W i  ndows- and Fleteorol og i  c a l  
Condi t i ons d u r i  ng Observation 

For t he  rooms inc luded i n  the  evaluat ion,  the  mean monthly open- 
i n g  t ime i s  i nves t i ga ted  f o r  a l l  rooms as a  whole and w i t h  res- 
pect t o  t h e  var ious types o f  rooms. However, t h e  r e s u l t s  pres- 
ented i n  t h i s  context  are not  t h e  absolute dura t ion  o f  opening. 
Rather, t h e  opening t ime recorded i s  r e l a t e d  t o  the  maximum pos- 
s i b l e  dura t ion  o f  opening (hours per month) and thus normalized. 
The r e s u l t s  are presented i n  Fig. 2. Here, a  d i s t r u c t i o n  i s  made 
between s ide-  hung and bottom hung p o s i t i o n  ; analys is  covers the  
e n t i r e  window ( i .  e. both window sashs). With a  r e s u l t  o f  approx. 
10 % i n  side-hung pos i t ions ,  t h i s  imp l ies  t h a t  a l l  sashs were 
opened on average f o r  6 minutes per hour i n  side-hung pos i t i on .  

As i t  may be gathered from Fig. 2, windows are open longest  i n  
summer and sho r tes t  i n  w in ter .  While i n  August the  o v e r a l l  ope- 
n ing  t ime f o r  a l l  windows amounts t o  about 25 % on average - 
i. e. 15 minutes per hour - it decreases t o  about 5  % i n  winter .  
I n  the  f i r s t  6 months o f  the  year, windows are p re fe rab l y  opened 
i n  side-hung pos i t i on ,  wh i le  i n  t he  l a s t  6 months o f  the  year  
t he  p ropo r t i on  o f  window being kept open i n  the bottom-hung po- 
s i t i o n  i s  a t  about 50 %. This phenomenon may poss ib ly  be amoun- 
ted  f o r  by the  h igher  degree o f  trapped moisture (sweating), 
which necessi tates an increased a i r  change a t  the beginning o f  
f i r s t  occupation. 

Comparing the  r e s u l t s  f o r  t he  d i f f e r e n t  types o f  rooms w i t h  the  
o v e r a l l  f igures ,  bedrooms are found t o  be the  rooms most usua l l y  
ven t i l a ted .  Here, too, a t  the  beginning o f  occupation the  s ide-  
hung p o s i t i o n  i s  prefered, wh i l e  a t  the end o f  the measuring 
per iod  the  bottom- hung p o s i t i o n  prevai 1  s. Even i n  extreme win ter -  
weather, bedrooms are vent i 1 a ted  d i s t i n c t l y  more f requen t l y  than 
a l l  o f  t he  rooms on average. During the  e n t i r e  measuring per iod  
the  window opening t ime recorded f o r  bedrooms exceeds the  avera- 
ge f o r  a l l  rooms by some 50 %. 

Values measured f o r  l i v i n g  rooms are comparable t o  the  average 
o f  a l l  rooms. I n  l i v i n g  room v e n t i l a t i o n ,  t he  bottom-hung window 
opening p o s i t i o n  i s  predominant. This may be explained by the  
balcony door p rov id ing  the  on l y  openable u n i t ,  It has a  s ide/  
bottom sash f i t t i n g ,  w i t h  the  bottom-hunged p o s i t i o n  obviously  
being p re fe r red  by users. 

I n  c h i l d r e n s '  rooms, windows are  open l e a s t  o f  a l l  rooms, Here, 
too, i n  t he  f i r s t  6 months o f  t he  year t he  side-hung p o s i t i o n  i s  
p re fer red ,  wh i l e  i n  the l a s t  6 months the  bottom-hunged p o s i t i o n  
i s  more frequent.  I n  terms o f  v e n t i l a t i o n  hab i ts ,  the ch i l d rens '  
rooms are among a1 1  rooms those v e n t i l a t e d  most regu la r l y ,  Here, 
i t  i s  on ly  i n  extreme seasons, t h a t  the average overal l -opening 



t imes  d i s t i n c t l y  dev ia te  f rom the  mean va lue o f  approx. 10 %. As 
i l l u s t r a t e d  by F ig .  2, t h e  window opening behaviour s t r o n g l y  
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co r re la tes  w i t h  seasonal in f luences.  Due t o  t h i s  co r re la t i on ,  
t h e  most important  weather parameters were i nves t i ga ted  i n  addi -  
t i o n  t o  the  users '  opening hab i t s .  

I n  Fig. 3 annual mean d a t l y  outdogr a i r  temperatures are presen- 
ted. They range from -2 C t o  28 C. U n t i l  m id-Apr i l ,  r e l a t i v e l y  
1 ow temperatures c l e a r l y  below the  heat ing l i n e  were recorded, 
and even i g  June mean d a i l y  temperatures were seldom recorded t o  
exceed 15 C .  I n  autumn, the  m i l d  weather w i t h  mean d a i l y  tempe- 
ra tu res  around 15 C l as ted  u n t i l  the  end o f  October, before tem- 
peratures dropped be1 ow the  heat ing  1 i ne. 

Outdoor air 

Fig, 3 Mean d a i l y  outdoor a i r  temperatures recorded from Jan. 1 - 
Dec. 31, 1984. (The J u l y  gap i s  due t o  a b lackout  i n  the 
da ta  record ing  system .) 

The annual curve o f  the  d a i l y  t o t a l s  o f  g lobal  i r r a d i a t i o n  i n c i -  
dent on a ho r i zon ta l  area i s  p l o t t e d  i n  Fig, 4. Ideal  cond i t i ons  
(cloud1 ess sk ies)  would produce a b e l l  -shaped curve w i t h  i t s  maxi - 
mum on June Zl (sun a t  h ighest  p o i n t )  and i t s  minimum on Dec. 21 
(sun a t  lowest p o i n t ) ,  Due t o  cloudcover o r  overcast ing, devia-  
t i o n s  from the bell-shaped f u n c t i o n  occur. At the  beginning o f  
A p r i l ,  i n  May, and i n  September there  are pronounced r a d i a t i o n  
minima t o  be observed. 

I n  Fig, 5, t he  annual curve o f  t he  mean wind speed i s  p l o t t e d .  
Maximum and minimum values range between 0 and 7.5 m/s. On avera- 
ge, w indve loc i t i es  f l u c t u a t e  around 2 - 4 m/s; i n  the  co ld  days 
o f  January and February, wind speeds were, however, s l  i g h t l y  high- 
e r  than i n  the  o ther  months, 
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Fig. 4 Total d a i l y  values measured f o r  t he  global i r rad iance  i n -  
c i d e n t  on a ho r i zon ta l  surface, (The Ju ly  gap i s  due t o  a 
b lackout  i n  the data recording system.) 

Wind velocity 
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Fig. 5 Mean d a i l y  wind v e l o c i t i e s  measured between Jan. 1 and 
Dec. 31, 1984, (The Ju ly  gap i s  due t o  a b lackout  i n  the  
data  recording system.) 



A l l  annual curves show a gap between Ju l y  11 and 31, 1984, which 
i s  obviously  due t o  a black out i n  t h e  data record ing  system. 
This data gap has however no i n f l uence  on t h e  determinat ion o f  
t h e  mean monthly values, because Ju l y  data were used on ly  from 
days 1 - 10. 

4. Var ia t ions  i n  Users' Behaviour 

I n  order t o  demonstrate t o  what extent  users may vary i n  t h e i r  
window opening hab i ts ,  one occupant w i t h  6xtremely long v e n t i l a -  
t i o n  per iods and one w i t h  e x t r a o r d i n a r i l y  shor t  v e n t i l a t i o n  per- 
iods  were compared t o  the  average value o f  a l l  occupants, c l a s s i -  
f i e d  according t o  the  d i f f e r e n t  types o f  rooms. The dev ia t i ons  
are i l l u s t r a t e d  by mean monthly values i n  Fig. 6. As f o r  t he  l i v -  
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Fig. 6 Va r ia t i ons  i n  occupants' vent i  1 a t i o n  behaviour i n  d i f f e -  
r e n t  rooms given as mean monthly d u r a t i o n  o f  l e a v i n g  win- 
dows open (mean monthly o v e r a l l  occupants' values as 
cmpared  w i t h  values measured f o r  a s i n g l e  occupant w i t h  
un typ i ca l  l y  sho r t  v e n t i l a t i o n  per iods) .  



i n g  room, there  are ha rd l y  any s i g n i f i c a n t  dev ia t ions  from avera- 
ge. They range w i t h i n  a margin o f  + 10 %. I n  bedrooms and c h i l d -  
rens '  rooms, however, dev ia t i ons  ar'e much more marked, w i t h  a 
var iance o f  up t o  + 20 %. If  - ins tead o f  viewing a l l  o f  the  va- 
lues  - o n l y  90 % are taken i n t o  account, d iscard ing  t h e  extremely 
un typ i ca l  users '  values, t h e  margin o f  dev ia t i on  i s  reduced t o  
l e s s  than + 5 %, Accordingly, t he  e laborated r e l a t i o n s  describe a 
representaFi ve p a r t  o f  t he  who1 e complex under i nves t  i gat  i on. 

5. Users ' Behavi our i n  Cor re la t i on  w i t h  Meteorological  Condit ions 

I n  t h e  f o l l o w i n g  it i s  t o  be i nves t i ga ted  whether t he re  i s  a re- 
1 evant c o r r e l a t i o n  between du ra t i on  o f  window opening and weather 
parameters. Accordingly,  window opening t imes were c o r r e l a t e d  
w i t h  meteorological  data. Since these analyses are based on 1.5 
m i l l i o n  t w i n  values, it i s  impossible t o  g ive  an adequate and 
c l e a r  diagrammatic presentat ion,  Instead, the  respect ive  mean va- 
l ues  are  superimposed t o  t h e  weather parameters. Diagrams are g i -  
ven f o r  o v e r a l l  values (a1 1 rooms) and values d i f f e r e n t i a t e d  be t -  
ween l i v i n g  rooms, parents '  rooms, c h i l d r e n ' s  rooms. 

5.1 Outdoor A i r  Temperature 

I n v e s t i g a t i n g  outdoor a i r  temperature in f luences on users ' window 
opening behaviour, a d i s t i n c t i o n  i s  made between. dayt ime and 
n igh t t ime  v e n t i l a t i n g ,  Daytime v e n t i l a t i n g  i s  f u r t h e r  subdivided 
i n t o  days w i t h  h igh  and low so la r  r a d i a t i o n  i n t e n s i t i e s .  The d ia -  
gram i n  Fig ,  7 i l l u s t r a t e s  outdoor a i r  temperature in f luences.  
Ev ident ly ,  t h e  i n f l uence  o f  global i r r a t i a t i o n  i s  on ly  a r e l a t i -  
ve l y  weak one. Daytime values vary i n  a moderate margin, I n  ge- 
nera l ,  n i g h t  t ime v e n t i l a t i o n  occurs l e s s  f requen t l y  than daytime 
vent i 1 a t  i on. The c o r r e l a t i o n  between v e n t i  1 a t i  on h a b i t s  and out - 
door a i r  temperature may be approximately described by 2 s t r a i g h t  
l i n e s .  Below 12 C, daytime ~ e n t i l a t i n g ~ i n c r e a s e s  by some 0.75 % 
per K temperature d i f f e rence ;  above 12 C by some 1,l % per K; i n  
terms o f  vent i 1 a t i n g  frequency, t h i s  represents an increase of 
about 50 %, At n i g h t  temperatures below 12 C, v e n t i l a t i o n  dura- 
t i o n  i s  ra i sed  by about 0.5 % per K, and a t  n i g h t  temperatures 
exceeding 12 C by some 1.1 % per K, which corresponds t o  a 100 % 
increase i n  vent i 1 a t  i on frequency , These r e s u l t s  a1 1 ow t h e  mean 
o v e r a l l  v e n t i l a t i o n  behaviour t o  be described as a f u n c t i o n  of 
outdoor a i r  tempesature. I n  Tgble 2, t he  i n d i v i d u a l  func t ions  fo r  
temperatures <12 C and 2 1 2  C are compiled, 

The temperature dependence was p a r t i a l l y  found t o  vary from the  
o v e r a l l  room values according t o  the  type o f  room. I n  1 i v i n g  
rooms, a change i n  j e n t i l a t i o n  behaviour i s  t o  be s ta ted  a t  tem- 
peratures above 12 C. This shows good agreement w i t h  t h e  avera- 
ge value f o r  a1 1 rooms. Here, increases i n  vent i  1 a t i ~ n ~ f r e q u e n c y  
amount t o  some 0.71 % per K f o r  temperaturea below 12 C and t o  
some 1.4 % per K f o r  temperatures above 12 C, which again i n d i -  
cates a doub l ing  o f  v e n t i l a t i o n  frequency, I n  s p i t e  o f  t he  n igh t -  
t ime v e n t i l a t i o n  curve d e v i a t i n g  from the  day t ive  curve, here, 
too, two d i f f e r e n t  sectors (below and above 12 C) a re  t o  be 
observed. For temperatures below 12 C, increase amount t o  some 8 0,33 % per K, and f o r  temperatures exceeding 12 C t o  some 0.83 % 
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per K. I n  Table 2, the  average l i v ing- room v e n t i l a t i o n  behaviour 
i s  presented as a func t i on  of outdoor air temperatures. 

Tab1 e 2: C o r r e l a t i o n  between window ven t i  1 a t i o n  d u r a t i o n  and 
outdoor  a i r  temperature (ana lys i  s r e s u l t s )  

night - t ime  3 + 0 ~ 5 9 ~ ~  

Daytime v e n t i l a t i o n  behaviour i n  parents '  bedrooms i s  no t  charac- 
t e r i  zed by the  a i  gni  f i  cant  change o f  hab i t s  recorded f o r  tempera- 
t u res  above 12 C. Rather, i t  can be approximately described by a 
s t r a i g h t  curve w i t h  a grad ien t  o f  1 % per K over the  e n t i r e  tem- 

u e ra tu re  scale, The corresponding n igh t t ime  curve, however, again 
record8 a comparat ively d i s t i n c t  change i n  v e n t i l a t i o n  behaviour 
a t  12 C outdoor a i r  temperature. For temperatures below 12 C 
t h e  grad ign ts  amount t o  approx. 0.63 % per K, f o r  temperatures 
above 12 C t o  approx. 1.2 % per K, which s i g n i f i e s  once more a 
100 % increase i n  v e n t i l a t i o n  frequency, Hence, t h e  average ven- 
t i 1  a t i o n  behaviour i n  parents ' bedrooms may accord ing ly  be des- 
c r i b e d  as a func t i on  o f  outdoor temperatures as compiled i n  Tab- 
l e  2. 

Though v e n t i l a t i o n  behaviour i n  c h i l d r e n ' s  rooms i s  q u i t e  s i m i l a r  
t o  t h e  average v e n t i l a t i o n  h a b i t s  recorded f o r  a l l  rooms, gra- 
d i e n t s  are s l i g h t l y  lower here. For temperatures below A2 C, t h e  
grad ien t  i s  about 5 % per K, f o r  temperatures above 12 C i t i s  
about 1 % per K. Night- t ime values range below daytime values by 
about 2 % o f  opening t imes, This d i f f e r e n c e  i s  almost independent 
o f  temperature i n f l  uences , The average temperature dependent ave- 
rage v e n t i l a t i o n  behaviour i n  c h i l d r e n  k bedrooms i s  a1 so out- 
l i n e d  i n  Table 2, 



5.2 Ho r i zon ta l  Global I r r a d i  ance 

Another meteor01 o g i  c a l  parameter t o  be i n v e s t i g a t e d  i s  t h e  s o l a r  
i r r a d i a n c e .  I n  Fig,  8, du ra t i ons  o f  l e a v i n g  windows open a re  
p l o t t e d  f o r  summer and w i n t e r  months as a  f u n c t i o n  o f  t h e  h o r i -  
zon ta l  g loba l  i r r a d i a n c e .  Al though t h e r e  seems t o  develop a  mani- 
f e s t  i n f l  uence, a  d i s t i n c t  dependence on s o l a r  i r r a d i a n c e  cannot 
be conf i rmed, as t h e  i n f l u e n c e s  o f  outdoor a i  r temperature and 
g loba l  i r r a d i a n c e  a re  superimposed i n  F ig .  7. As c l e a r l y  shown i n  
Fig,  6, t h e  g l oba l  i r r a d i a n c e  v a r i e s  o n l y  i n  a  narrow and hence 
negl  i g i  b l  e  margin . 
5.3 Wind V e l o c i t y  

It may be supposed t h a t  v e n t i l a t i o n  per iods  a re  a l s o  a f f e c t e d  by 
wind v e l o c i t i e s .  I n  Fig. 9, i n f l u e n c e s  o f  wind v e l o c i t i e s  a re  
i 11 us t ra ted .  The r e l a t i o n s h i p  may be expressed almost l i n e a r l y ,  
w h i l e  t h e  v e n t i l a t i o n  behaviour  i s  found t o  be almost independent 
o f  any t ype  o f  room. Based on an average wind v e l o c i t y  o f  3 m/s, 
wind i n f l uences  can be i n t r oduced  as a  c o r r e c t i o n  term f o r  tem- 
pera tu re - re1  a ted  window vent i 1 a t  i on per iods  by way o f :  

t = 10 - W .t 
open (w) 7 open (3  m/s) 

5.4 Comparison w i t h  Previous Stud ies 

To eva lua te  t h e  r e s u l t s  ob ta ined  i n  t h i s  study, they  are compared 
t o  f i n d i n g s  presented i n  p rev ious  i n v e s t i g a t i o n s .  It an ex tens ive  
s e r i e s  o f  s t ud ies  conduct$d by Aus t r i an  researchers and i n  ear-  
l i e r  B r i t i s h  Observat ions va lues recorded du r i ng  hea t i ng  per iods  
i n  s o l e l y  window-vent i la ted f l a t s  w i t h  var ious  hea t ing  systems 
a re  presented, r e s u l t i n g  i n  t h e  f o l  l ow ing  f u n c t i o n a l  re1 a t i o n s  
f o r  mean wi ndow vent i 1 a t  i on du r a t  i on : 

Panzhauser e t  a1 .4 : topen = 100e (2.650.6 K)/($ L j  - JLal [%]  

I n  F ig .  10 t h e  above-ment i oned re1 a t  i ons es tab l  i shed f o r  window - 
v e n t i l a t e d  f l a t s  a re  compared w i t h  t h e  r e s u l t s  obta ined i n  t h e  
present  s tudy ( i n  accordance w i t h  Table 2).  It i s  found t h a t  i n  
f l a t s  w i t hou t  mechanical v e n t i  1  a t i  on systems windows a re  open 
about 4 t i m e s  as l ong  as i n  mechan ica l l y  v e n t i l a t e d  f l a t s .  Accor- 
d i  ng ly ,  energy losses  due t o  "uncon t ro l  l e d "  v e n t i l a t i o n  a r e  dra-  
s t i c a l  l y  reduced, bu t  not  - as f r e q u e n t l y  assumed - prevented. 
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F i g  8 Ove ra l l  d u r a t i o n  o f  l e a v i n g  windows open as a  f u n c t i o n  
o f  t h e  h o r i z o n t a l  g loba l  i r r a d i a n c e  i n  summer and w i n t e r  
months ( f o r  a l l  rooms an f o r  va r ious  types  o f  rooms; 
expressed as 
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Fig.  9 Overa l l  d u r a t i o n  o f  . l eav ing  windows open as a  f u n c t i o n  
o f  wind velocity, g iven f o r  a1 1  rooms and f o r  v a r i ~ u s  
types  o f  rooms; expressed as percentages). 
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Fig.  10 Comparison o f  d u r a t i o n s  o f  l e a v i n g  windows open i n  
w i  ndow-ven$il a ted  f l  a t s  w i t h  n a t u r a l  v e n t i l  a t i  on (acc. t o  
PANZHAUSER and BRUNDRETT ) and f l a t s  w i t h  mechanical 
v e n t i l a t i o n  as a f u n c t i o n  o f  ou tdoor  a i r  temperature 
(based on an i ndoo r  a i r  tempera.ture of 20°C), 

6. Synopsis and Outlook 

W i th i n  t he  framework o f  t h e  na t i ona l  research p r o j e c t  " V e n t i l  a- 
t i o n  i n  Housing Cons t ruc t ion" ,  s t ud ies  on occupants ' v e n t i l a t i o n  
behaviour  were conducted i n  a demonstrat ion b u i l d i n g  i n  Duisburg- 
Neumuhl (Federal  Rep. o f  Germany) which a l s o  formed p a r t  o f  t h e  
p r o j e c t .  Analyses were based on values measured from Jan, 1 - 
Dec. 31, 1984 i n  24 f l a t s  w i t h  i d e n t i c a l  ground plans, a l l  o f  
which were equipped w i t h  mechanical v e n t i l a t i o n  systems, Data on 
a l l  opening p o s i t i o n s  o f  a l l  openable window sashs and door l e a -  
ves were con t inuous ly  recorded, thus p r o v i d i n g  exact t i m e  data 
f o r  a l l  opening p o s i t i o n s  t o  be s to red  on data c a r r i e r s .  A l l  
a v a i l a b l e  data had t o  pass two p l a u s i b i l i t y  t e s t s ,  which r e s u l t e d  
i n  70 % of t h e  main room da ta  considered e l i g i b l e  f o r  ana lys is .  

I n  e v a l u a t i n g  t h e  occupants '  behaviour w i t h  regard t o  t h e  d i f -  
f e r e n t  types o f  rooms, n a t u r a l  v e n t i l a t i o n  was found t o  be most 
f requent  i n  bedrooms, fo l lowed, i n  decreas ing frequency, by 
c h i l d r e n ' s  rooms and l i v i n g  rooms. For a l l  rooms, v e n t i l a t i o n  



hab i t s  d i s t i n c t l y  co r re la ted  w i t h  outdoor a i  r temperature and 
wind v e l o c i t y .  A f unc t i on  s u i t e d  t o  descr ibe  these r e l a t i o n s  was 
derived. An a1 t e r a t i o n  i n  occupants ' behavi our  recorded du r i ng  
t h e  pe r i od  o f  measurements i s  probably  accounted f o r  by t h e  i n i -  
t i a l  l y  h igher  content  o f  t rapped mois tu re  (sweating) a t  t h e  be- 
g inn ing  o f  f i  r s t  occupation, When f i n a l l y  comparing the  present 
r e s u l t s  w i t h  s tud ies  on users '  v e n t i l a t i o n  behaviour i n  f l a t s  
w i t h  convent ional  window vent i 1 a t i  on, it was found t h a t  i n  bui  1 - 
dings w i t h  mechanical v e n t i l a t i o n  systems window v e n t i l a t i o n  dur- 
a t i o n  i s  reduced t o  a quar te r  o f  t h e  corresponding values recor -  
ded f o r  b u i l d i n g s  w i t h  t r a d i t i o n a l  v e n t i l a t i o n .  
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