
ENERGY EFFICIENT DOMESTIC VENTILATION SYSTEMS FOR ACHI EV ING 
ACCEPTABLE INDOOR AIR QUALITY 

3rd AIC Conference, September 20-23 1982, London, UK 

PAPER 17 

ENERGY CONSERVATf ON BY REGULATION OF THE CENTRAL MECHANICAL 
VENTILATION IN HIGH-RISE BUILDINGS: REALISTIC OR NOT? 

J.C. PHAFF AND W.F. DE GIDS 

TNO Research Institute for Environmental Hygiene 
P.O. Box 214 
Del f t 
Netherlands 





INTRODUCTION 

Within the  framework of energy conservat ion i n  dwell ings,  the  
S t e e r i n g c o m i t t e e ,  Energy and Buildings (SEG) has ordered the 
TNO I n s t i t u t e  f o r  Environmental Hygiene (IMG) t o  perform aninves-  
t i g a t i o n  i n t o  t h e p o s s i b i l i t y  of achieving energy savings by the  
r egu la t ion  of t he  mechanical v e n t i l a t o r  u n i t s  i n  h igh- r i se  bu i l -  
dings C51. The SEG was formed some yea r s  ago upon r eques t  of the 
Dutch Minis t ry  of Housing and Phys ica l  Planning and the  Ministry 
of Economic A f f a i r s .  The i d e a  of r egu la t ing  the  v e n t i l a t o r s  a t  
times when the re  i s  l e s s  requirement f o r  v e n t i l a t i o n ,  f o r  example 
a t  n i g h t  and ou t s ide  the  peak cooking and showering pe r iods ,  has 
without  doubt a r i s e n  from the  popular conception t h a t  mechanical 
v e n t i l a t i o n  wasted energy. 
This supposed energy waste can be divided i n t o :  
- the  energy consumption of t he  v e n t i l a t o r  
- higher  energy lo s ses  due t o  the  v e n t i l a t i o n  a i r  flow. 
The energy consumption of t he  v e n t i l a t o r  i s  only a  small  f r a c t i o n  
(ca.  4  %) of t h e  energy r equ i r ed  t o  warm up the  v e n t i l a t i o n  a i r  
flow. It has n o t  y e t  been shown t h a t  t he  average v e n t i l a t i o n  a i r  
flow f o r  a  h e a t i n g  season wi th  mechanical v e n t i l a t i o n  is  h igher  
t h a t  wi th  n a t u r a l  v e n t i l a t i o n .  Dwellings t h a t  a r e  equipped wi th  
mechanical v e n t i l a t i o n  systems have no n a t u r a l  v e n t i l a t i o n  chan- 
n e l s  and a r e  t h e r e f o r e  more impervious t o  a i r .  Above a  c e r t a i n  
windspeed, it appears t h a t  t h e  v e n t i l a t i o n  a i r  flow i n  a  dwelling 
wi th  n a t u r a l  v e n t i l a t i o n  i s  g r e a t e r  than t h a t  f o r  a  dwell ing with 
mechanical v e n t i l a t i o n .  Dwellings t h a t  a r e  equipped wi th  mechani- 
c a l  v e n t i l a t i o n  systems have no n a t u r a l  v e n t i l a t i o n  channels and 
a r e  t he re fo re  more impervious t o  a i r .  Above a  c e r t a i n  windspeed, 
i t  appears t h a t  the v e n t i l a t i o n  a i r  flow i n  a  dwelling w i t h  natu- 
r a l  v e n t i l a t i o n  i s  g r e a t e r  than  t h a t  f o r  a  dwelling wi th  mechani- 
c a l  v e n t i l a t i o n ,  The windspeed a t  which t h i s  occurs depends, 
among o t h e r  f a c t o r s ,  on the  winddi rec t ion  and the  he rme t i c i ty  of 
the  dwell ings (See Fig.  1)  . The a i r  flow i n  mechanical ven t i l a -  
t i o n  systems i s ,  i n  p r i n c i p l e ,  regula ted  according t o  t he  values 
given i n  the  Dutch s tandard "Vent i la t ion  i n  Dwellings" (NEN 1087) 
C l l .  
This s tandard  i s  based upon: 
- h e a l t h  of t he  occupants 
- t e chn ica l  and hygienic  cons idera t ions .  

According t o  t he  v e n t i l a t i o n  s tandard NEN 1087, a  person needs a 
v e n t i l a t i o n  a i r  flow of 0.007 m3/s. This  i s  equiva len t  t o  
25 m3/hour. I n  a r ecen t  i n v e s t i g a t i o n  of l imi ted  e x t e n t  i n  o f f i c e  
bui ld ings  C41, i t  was found t h a t  wi th  such a  v e n t i l a t i o n  air  flow, 
about 10 % of t he  occupants found the  i n s i d e  a i r  unacceptable i n  
terms of f reshness  . 

The t echn ica l  and hygienic  cons idera t ions  include:  
- the prevent ion  of the a i r  i n  "wet" a r eas ,  such a s  the t o i l e t ,  

the k i t chen ,  the  bathroom and the shower, from becoming too 
damp, i n  which case mould growth could occur.  



- t he  prevent ion  of odours spreading from t h e  above "wet" a reas  
t o  o t h e r  p a r t s  of the  dwell ing.  

A s p e c i f i e d  a i r  flow is t h e r e f o r e  requi red  f o r  these  "wet" a r eas .  
The v e n t i l a t i o n  s tandard  (NEN 1087) s t a t e s  t h a t  t h e  occupant of a  
dwell ing must be ab l e  t o  achieve the  requi red  v e n t i l a t i o n  a i r  
flow wi th  the  use  of t he  v e n t i l a t i o n  system provided. However, 
the  occupant is l e f t  completely f r e e  i n  t h e  manner i n  which he  
r egu la t e s  t he  v e n t i l a t i o n  system: windows o r  g r i l l e s  open o r  
c losed,  v e n t i l a t o r  f an ( s )  on o r  o f f .  Mechanical v e n t i l a t i o n  i s  
requi red  . in h igh- r i se  bu i ld ings  and f o r  open k i tchens .  Regulat ion 
of t he  v e n t i l a t i o n  i s  a l s o  permi t ted  wi th  mechanical v e n t i l a t i o n ,  
provided t h a t  t he  occupant i s  a b l e  t o  r e g u l a t e  the system so  t h a t  
i t  f u l f i l l s  t h e  requirements of the v e n t i l a t i o n  s tandard .  

Recently,  more and more pub l i ca t ions  have appeared on the s u b j e c t  
of excess ive  r a d i a t i o n  l e v e l s  i n  dwell ings a s  a  r e s u l t  of radio- 
a c t i v e  gasses  coming from bu i ld ing  m a t e r i a l s ,  and r e p o r t s  of 
excess ive  concent ra t ions  of o the r  gasses ,  f o r  example from chip- 
board. 
I n  a  number of these  pub l i ca t ions ,  the  consequences of too  low 
a l e v e l  of v e n t i l a t i o n  a r e  considered. I n  Sweden,in t hese  circum- 
s t ances ,  an a i r  change r a t e  s tandard  of a t  l e a s t  0.5 p e r  hour is 
used. The a i r  change r a t e s  used i n  Holland a r e  est imated t o  be 
between 0.5 and 1.0 per  hour f o r  mechanical v e n t i l a t i o n .  The a i r  
change r a t e s  f o r  mechanical v e n t i l a t i o n  systems a r e  thus ce r t a in -  
l y  n o t  exces s ive  when compared t o  the Swedish s tandard.  

The opening of windows w i l l  a f f e c t  t he  energy consumption of a  
dwell ing.  I n  o rde r  t o  s e e  how much the occupant can a f f e c t  the 
energy consumption i n  t h i s  r e s p e c t ,  a  number of c a l c u l a t i o n s  wi th  
windows open and closed have been performed i n  t h i s  inves t iga t ion .  

OBJECTIVES 

The o b j e c t  of t h i s  i n v e s t i g a t i o n  was t o  s e e  what energy saving 
could be  achieved by the  r egu la t ion  of mechanical v e n t i l a t i o n  
systems i n h i g h - r i s e  bu i ld ings .  

INVESTIGATION 

The i n v e s t i g a t i o n  can be d iv ided  i n t o  a  number of p a r t s :  
(1) measurements on a  mechanical v e n t i l a t i o n  system 
(2) c a l c u l a t i o n  model f o r  t h i s  mechanical v e n t i l a t i o n  system 
(3) measurements on the a i r  leakage on the  f a ~ a d e s  of a f l a t  
(4 )  c a l c u l a t i o n  model f o r  t h i s  f l a t .  



A c a l c u l a t i o n  model (2) has  been b u i l t  f o r  a mechanical ven t i l a -  
t i o n  system wi th  twelve e x t r a c t o r  p o i n t s  and a v e n t i l a t o r  fan 
t h a t  can be used i n  two s e t t i n g s :  "half"  and " f u l l  speed". The 
system i s  based on the r e s u l t s  of measurements on a f l a t  i n  D e l f t  
(1).  The c a l c u l a t i o n  model provides t h e  air  flow i n  a bu i ld ing  o r  
p a r t  t he reo f ,  f o r  example a i r  flow through the:  
- f a ~ a d e s  
- roof 
- i n t e r n a l  w a l l s  
- v e n t i l a t i o n  system. 

For this the c a l c u l a t i o n  model uses d a t a  concerning: 
- wind p re s su res  
- a i r  temperature d i f f e r ences  t h a t  r e s u l t  i n  pressure  d i f f e r ences  
- f a n  c h a r a c t e r i s  t i c s  
- c h a r a c t e r i s  t i c s  of seams, joints,  windows, doors,  duc ts  and 

e x t r a c t o r  vents .  

I n  t h i s  c a l c u l a t i o n  procedure, t he  a i r  p re s su re  a t  which the  in- 
coming and outgoing a i r  flows a r e  balanced,  f o r  each room, was 
a sce r t a ined .  
The results from the  f i r s t  c a l c u l a t i o n  model (2) and the  a i r  
leakage va lues  (3)  which were determined wi th in  the  framework of 
another  p r o j e c t  C21 were used t o  s e t  up a second c a l c u l a t i o n  mo- 
d e l  (4) of a f l a t .  This can take  account of v a r i a t i o n s  i n  the 
pos i t i ons  of windows and doors ,  the  windspeed and d i r e c t i o n  and 
the  temperature i n s i d e  and ou t s ide .  This  model d e l i v e r s  a predic- 
t i o n  of the  amount of energy l o s t  due t o  the v e n t i l a t i o n .  The 
e f f e c t  of open windows i s  simulated from the  r e s u l t s  of another  
i n v e s t i g a t i o n  C31. A t  t h i s  p o i n t  i t  should be noted t h a t  i n  t h i s  
p r o j e c t  C31 measurements on windows were made on bu i ld ings  mostly 
s h e l t e r e d  from the  wind. Many windows i n  h igh- r i se  bu i ld ings  w i l l  
n o t  be i n  such a s h e l t e r e d  p o s i t i o n ,  s o  t h a t  the wind w i l l  have a 
correspondingly g r e a t e r  e f f e c t  on the v e n t i l a t i o n  and energy l o s s  
than the  r e s u l t s  ca l cu la t ed .  The e f f e c t  of an open window i n  an 
otherwise c losed  room can b e s t  be imagined by considering the  
window i n  two p a r t s  : 
- one p a r t  through which a i r  e n t e r s  
- one p a r t  through which a i r  e x i t s .  

The average a i r  speed i n  such an open window l i e s  i n  t he  range 
0 .1  t o  0.5 m / s .  I n  the case  of a high bu i ld ing ,  with a h igh  wind- 
speed and an open window t h a t  catches t he  wind, the wind can 
a c t u a l l y  blow as hard i n  t he  window opening a s  i t  does ou t s ide .  
An open window thus g ives ,  p e r  square metre  of opening, an ex- 
change of 0 .5 x (0.1 . . . 0.5)  = 0.05 . . . 0.25 cubic metres of a i r  
per  second, and i n  c e r t a i n  circumstances even more. This i s  equi- 
v a l e n t  t o  180 t o  900 m3/hour per  square metre of window opening. 
This i s  an important f a c t o r  f o r  hea t ing  o r  cool ing ca l cu la t ions ,  
s ince  l a rge  h e a t  flows can a r i s e  as  a r e s u l t  of an open window. 





4 .  METEODS OF PlEASUREMENT AND RESULTS 

4.1 Measurements on a mechanical v e n t i l a t i o n  duc t  

Figure 2 shows a schematic diagram of the  layout  of the  ven t i l a -  
t i o n  duc ts  from the  k i t chens  of the  block of f l a t s  i n  which the  
measurements were made. The t o i l e t s  and t h e  bathrooms i n  these  
f l a t s  were a l s o  mechanically v e n t i l a t e d .  

The measurements could n o t  be performed simultaneously a t  a l l  
p o i n t s .  However, i t  appeared t h a t  the  wind and the positions of 
windows and doors do n o t  have g r e a t  i n f luence  on the a i r  flow and 
the pressures  i n  t he  v e n t i l a t i o n  duct .  Thus, the  o v e r a l l  r e s u l t  of 
the  measurements can be considered a good average. In  Fig.  3 ,  the  
arrows i n d i c a t e  t he  a i r  flows and the do t t ed  l i n e s  i n d i c a t e  the 
measured nega t ive  pressures  i n  the duc t .  The a i r  flows were 
measured wi th  a measuring o r i f i c e .  The p re s su re  l o s s  due t o  t h i s  
o r i f  i c e  was compensated by an a d d i t i o n a l  v e n t i l a t o r .  

The e x t r a c t o r  vents  o f t e n  had t o  be cleaned before  measurements 
could be made. With a d i r t y  e x t r a c t o r  ven t ,  the a i r  flow was 
o f t e n  l e s s  than 5 % of the  nominal flow. Many occupants had no t  
prev ious ly  r e a l i z e d  t h a t  i t  i s  poss ib l e  t o  clean e x t r a c t o r  vents .  

Most occupants were a c t u a l l y  n o t  s a t i s f i e d  with the a i r  ex t r ac t ion  
i n  t he  k i t chens .  They o f t e n  thought t h a t  the  cooking vapours 
should d isappear  d i r e c t l y  i n t o  the e x t r a c t o r  vents .  Even an 
e x t r a c t o r  hood is n o t  always capable of doing t h i s .  The k i tchen  
window was the re fo re  o f t e n  opened during cooking. Moreover, some 
occupants had changed the  o r i g i n a l  s e t t i n g  of the vent  t o  achieve 
b e t t e r  a i r  e x t r a c t i o n .  The k i t chen  door had been removed i n  many 
f l a t s .  This a l lows cons iderable  spreading of vapours from the  
k i t chen  through the f l a t  and, v i a  the s t a i r c a s e ,  t o  o t h e r  f l a t s .  
The occupants complained about t h i s  and the  mechanical v e n t i l a t i o n  
system f o r  t hese  odours, whi le  the cause must mainly be a t t r i b u -  
ted t o  the  missing k i tchen  doors and t h e ,  genera l ly  i n e v i t a b l e ,  
chimney e f f e c t  of the s t a i r c a s e .  

4.2 Calcu la t ion  model of the  mechanical v e n t i l a t i o n  system 

The c a l c u l a t i o n  model was used t o  perform a s imulat ion of the  
mechanical v e n t i l a t i o n  system i n  the block of f l a t s  i n  De l f t .  I n  
T.- r l g .  3, the  ca l cu la t ed  a i r  flows and nega t ive  pressures  a r e  ind i -  
cated wi th  broken l i n e s .  I n  t h i s  s imula t ion ,  the a i r  r e s i s t a n c e  
of t he  d i f f e r e n t  p a r t s  of the  system and the  capaci ty of the  
v e n t i l a t o r  were chosen so t h a t  ca l cu la t ed  a i r  flows agreed with 
the measured va lues .  The ca l cu la t ed  negat ive  pressures  were a t  
times a t  var iance  with the  measured negat ive  pressures .  
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This i s  p a r t l y  caused by t h e  f a c t  t h a t  a l l  measurements could n o t  
be made simultaneously. 

To l i m i t  the  number of s i t u a t i o n s  t o  be ca l cu la t ed ,  a model of 
t he  v e n t i l a t i o n  system f o r  a column of twelve f l a t s  w a s  made, i n  
which nominally 0.021 m3/s a i r  was e x t r a c t e d  per  k i t chen  (See Fig. 
4 ) .  Calcu la t ions  were performed f o r  about s i x t y  s i t u a t i o n s  with 
t h i s  model, which included combinations of the  fol lowing para- 
meters : 

- v e n t i l a t o r  s e t t i n g  " f u l l "  c r  "half" 
- s e v e r a l  windows open 
- t he  s e t t i n g  of s e v e r a l  e x t r a c t o r  vents  changed, o r  even one 

removed f o r  c leaning  purposes 
- r egu la t ion  t o  hold the  nega t ive  p re s su re  i n  the duc t ,  a t  the 

v e n t i l a t o r ,  cons tan t  
- o u t s i d e  temperature 15 O C  o r  -5 OC. 

Figure 5 shows the  v e n t i l a t o r  c h a r a c t e r i s t i c s  f o r  the s e t t i n g s  
" fu l l "  and "half".  It is assumed t h a t  t he  pressure  change i n  the  
k i t chen  due t o  opening a window i s  +40 Pa on the  windward s i d e  
and -40 Pa on the  l e e  s i d e .  These p re s su re  changes can be expec- 
ted f o r  a windspeed of 10 m / s .  Figure 6 shows a summary of s eve ra l  
s i t u a t i o n s  t h a t  were ca l cu la t ed .  I n  f i g u r e s  6.1. t o  6.4 the ven- 
t i l a t o r  was s e t  t o  " fu l l " ,  whi le  i n  F igures  6.5 t o  6.7 i t  was s e t  
t o  "half".  The va lues  ad jo in ing  the f i g u r e s  give the  r a t i o  of 
s e v e r a l  a i r  e x t r a c t i o n  flows compared t o  a re ference  s i t u a t i o n  
(0.021 m3/s i n  Fig. 6 .1 and 0.012 m3/s i n  F ig .  6 .5) .  
The e f f e c t  of opened windows on the  a i r  flows on o the r  f l o o r s  
appears t o  be  a maxi~um of 1 % i n  Fig.  6.2 and a maximum of 3 % 
i n  F ig .  6.6. The removal of an e x t r a c t o r  vent  reduces the  a i r  
flow on o t h e r  f l o o r s  by a maximum of 8 % i n  Fig.  6 .3  and by a 
maximum of 24 % i n  Fig.  6.7. 

With t h e  v e n t i l a t o r  a t  " f u l l ? '  s e t t i n g ,  t h e  e f f e c t  of changing the  
s e t t i n g  of t he  e x t r a c t o r  vents  was examined: the  vents  on f l o o r s  
7 t o  12 were opened an e x t r a  50 % (See Fig.  6 .4) .  On t h e  o ther  
f l o o r s  ( 1  t o  6) the  air  flow appeared t o  be reduced by about 10 %. 
The negat ive  pressures  wi th  t h e  v e n t i l a t o r  a t  "half" s e t t i n g  were 
about 50 Pa (170 Pa a t  " f u l l "  v e n t i l a t o r  s e t t i n g ) .  With the  wind 
pressures  of +40 Pa and -40 Pa t h a t  are assumed, no flow r e v e r s a l  
w i l l  occur i n  t he  v e n t i l a t i o n  duc t .  A f u r t h e r  reduct ion  of the 
negat ive  p re s su re  could w e l l  l ead  t o  flow reve r sa l  (See Fig. 7 ) .  

4.3 A i r  leakage 

Figure 8 shows the  p lan  of t he  f l a t  f o r  which, i n  the scope of 
another  p r o j e c t  C21, a i r  leakage measurements were made on the 
facades.  Equation E l l  g ives  t h e  a i r  flow through a f a ~ a d e  a s  a 





func t ion  of t he  a i r  p re s su re  d i f f e r ence  Ap across  the element,  
the a i r  leakage C and the  exponent n  t h a t  descr ibes  the  cause of 
the  flow. 

4.4 Calcula t ion  model f o r  the  f l a t  .............................. 

A c a l c u l a t i o n  model f o r  one of the twelve f l a t s  was s e t  up based 
on the  measured air  leakage of t he  f l a t .  Using t h i s  model, the 
a i r  leakage through the f a ~ a d e s ,  i n t e r n a l  wa l l s  and the  e x t r a c t o r  
vents  of the  k i t chen ,  t o i l e t  and bathroom and the h e a t  flow due 
t o  v e n t i l a t i o n  were ca l cu la t ed .  This was performed f o r  about 95 
s i t u a t i o n s  i n  which combinations inc luding  the  fol lowing para- 
meters were chosen: 
- s e t t i n g  of the  v e n t i l a t o r  " fu l l t '  o r  "half t '  
- s e v e r a l  windows open 
- air  leakage of the  f l a t  
- windspeed and d i r e c t i o n  
- s i t u a t i o n  and surroundings of the  block of f l a t s  from a  wind 

p r o t e c t i o n  p o i n t  of view. 
Several  r e s u l t s  of t h i s  c a l c u l a t i o n  model a r e  presented i n  Fig. 9.  
The c a l c u l a t i o n s  were made f o r  an a i r  temperature d i f f e r e n c e  of 
20 O C  between i n s i d e  and ou t s ide .  The reduct ion  i n  the  energy 
consumption a s  a  r e s u l t  of t h e  lower power of the  v e n t i l a t o r  a t  low 
speed is n o t  included i n  F ig .  9 .  This v e n t i l a t o r ,  f o r  24 f l a t s ,  
has a  power of 400 W a t  " f u l l "  s e t t i n g  and 80 W a t  "half"  s e t t i n g .  
i%is means a  sav ing  of 1 3  W ( e l e c t r i c a l )  p e r  f l a t .  These f igu res  
a r e  extremely dependent on t h e  type of v e n t i l a t o r  used. 

From Fig.  9 ,  i t  can be seen  t h a t  wi th  the  v e n t i l a t o r  a t  "half" 
s e t t i n g ,  t he  h e a t  l o s s  due t o  v e n t i l a t i o n  f o r  a  f l a t  i s  200 W t o  
400 W lower than wi th  the  v e n t i l a t o r  on " f u l l "  s e t t i n g .  Comparing 
the  h e a t  flow due t o  v e n t i l a t i o n  f o r  the  v e n t i l a t o r  a t  "ha l f"  
s e t t i n g  and var ious  windows open wi th  t h a t  f o r  the v e n t i l a t o r  a t  
" f u l l "  s e t t i n g  and a l l  windows closed,  we s e e  from Fig .  10 tha t :  
- by opening two windows t h e  h e a t  flow i s  a l ready  h ighe r  
- with  fou r  windows open, t he  h e a t  flow i s  700 W h igher .  

For a  hea t ing  season of 200 days and a  b o i l e r  e f f i c i e n c y  of 60 2 ,  
t h i s  va lue  of 700 W i s  equ iva l en t  t o  630 m3 n a t u r a l  gas (35 MJ/m3) 
per  year .  Cespi te  t he  reduced mechanical v e n t i l a t i o n ,  t h e  energy 
consumption i s  thus  increased  by the  e x t r a  opening of windows, 
s ee  F ig .  11. 

The c a l c u l a t i o n  model was a l s o  used t o  s e e  i f ,  with t he  v e n t i l a t o r  
on "half"  s e t t i n g ,  odours could spread i n t o  the f l a t ,  f o r  ins tance  
from the  t o i l e t ,  s ee  Fig.  12.  For these  c a l c u l a t i o n s ,  a  tempera- 
t u r e  d i f f e r e n c e  of 4  OC was assumed between the  t o i l e t  and the 
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r e s t  of t he  f l a t .  Even wi th  the  v e n t i l a t o r  on "half" s e t t i n g ,  
t h i s  temperature d i f f e r e n c e  had v i r t u a l l y  no e f f e c t  on the  a i r  
flow through t h e  door j o i n t s  of t he  t o i l e t .  No spreading of odours 
occurred. With the  door open, however, t h e r e  i s  c e r t a i n l y  a sprea- 
ding of odours,  b u t  t h i s  i s  almost independent of the s i z e  of the  
e x t r a c t i o n  a i r  flow and t h e r e f o r e  w i l l  r e a l l y  no t  i nc rease  due t o  
reduct ion  of t he  v e n t i l a t o r  speed. For i n t e r n a l  spaces w i t h  a l l  
doors c losed ,  t h e  v e n t i l a t i o n  a i r  flow w i l l  be lower than  
requi red  by t h e  v e n t i l a t i o n  s tandards .  I n  these  cases ,  t he  
chance of damp problems a r i s i n g  w i l l  t he re fo re  be g r e a t e r .  We 
have known cases  i n  which the  r egu la r  switching of f  of t he  mecha- 
n i c a l  v e n t i l a t i o n  system has  lead  t o  condensation and mould 
growth i n  bathrooms. 

CONCLUSIONS 

The reduct ion  of  v e n t i l a t o r  speed i n  a communal mechanical e x t r a c  
t o r  system has no disadvantageous consequences f o r  t he  opera t ion  
of t he  system, provided t h a t  the negat ive  pressure  i n  t h e  duc t  
remains about 50 Pa. 
From t h i s  i n v e s t i g a t i o n ,  i t  appears t h a t  t he  ex t r ac t ed  a i r  flow 
i s  a f f ec t ed  more by i n c o r r e c t  adjustement and fou l ing  of ex t r ac to r  
vents  than  by opening of windows, r ega rd l e s s  of whether t he  vent i -  
l a t o r  i s  a t  t h e  " fu l l "  o r  "half"  s e t t i n g .  
The e x t r a  energy lo s s  due t o  s eve ra l  open windows appears t o  be 
g r e a t e r  than the  energy saving poss ib l e  by reducing the  ven t i l a -  
t o r  speed. The energy saving  poss ib l e  i s  then a l s o  completely 
dependent on the  r eac t ions  of the  occupants : i f  they open a win- 
dow f o r  a couple of hours a day, the  o v e r a l l  energy consumption 
can be increased  in s t ead  of being decreased, regard less  of the 
lower speed of v e n t i l a t i o n .  
When t h e  mechanical v e n t i l a t i o n  i s  reduced, the occupants a r e s t i l l  
ab le ,  i n  genera l ,  t o  s e t  a s u f f i c i e n t  v e n t i l a t i o n  a i r  flow i n  
rooms t h a t  have e i t h e r  a v e n t i l a t i o n  window o r  g r i l l e .  Fur ther ,  
wi th  reduced mechanical v e n t i l a t i o n  and windows and i n t e r n a l  
doors c losed ,  t h e  spreading of odours from the "wet" rooms i s  no t  
t o  be expected. The chance of damp problems a r i s i n g  i n  these  
"wet" rooms w i l l ,  however, be g rea t e r .  The saving i n  e l e c t r i c i t y  
due t o  reduct ion  of the v e n t i l a t o r  speed i s  only a f r a c t i o n  
(about 4 %) of t he  energy l o s s e s  t h a t  can be assoc ia ted  wi th  the  
v e n t i l a t i o n .  
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7 .  LIST OF SYMBOLS 

C a i r  leakage 

n exponent i n  equation (1) 
( 1  < n < 2) 

3 (m /s a t  1 Pa) 

(-1 
P a i r  pressure compared t o  external  

reference pressure (Pa) 

AP d i f ference i n  a i r  pressure,  
f o r  example across a fagade (Pa) 

9 a i r  flow (m3/s> 
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