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SUMMER AND WINTER VENTILATION 

Opening l i g h t s  i n  windows have served t h e  purposes of v e n t i l a t i o n  
f o r  many years  and it may be questioned why they cannot continue 
t o  do so. In  t h i s  context it is important t o  d i s t ingu i sh  between 
t h e  requirements of summer time v e n t i l a t i o n  and t h e  problems of 
minimum v e n t i l a t i o n  r a t e s  i n  winter.  In non a i r  conditioned 
bui ld ings  opening l i g h t s  i n  windows serve  f a i r l y  e f f e c t i v e l y  t o  
con t ro l  t h e  high r a t e s  of v e n t i l a t i o n  appropriate t o  summer 
condit ions.  Disturbance of papers and cur t a ins  can represent  an 
annoyance but  genera l ly  speaking t h e  degree of c o n t r o l l a b i l i t y  
afforded by r e l a t i v e l y  l a r g e  opening l i g h t s  works w e l l .  

I t  does not  work w e l l  i n  winter  condit ions and p a r t i c u l a r l y  s o  i n  
circumstances where securitydemands t h a t ,  while occupants a r e  
absent ,  windows should be  secured. In winter  t i m e  even a  very 
narrow opening of a  l a r g e  opening l i g h t  gives r e l a t i v e l y  high 
r a t e s  of v e n t i l a t i o n  and i s  l i k e l y  t o  r e s u l t  i n  draughts being 
experienced because of t h e  usual loca t ion  of opening l i g h t s .  
Prolonged c losure  of t h e  windows d i d  not however represent  a  
se r ious  problem i n  t h e  pas t .  Habitable rooms were required t o  
have e i t h e r  a  f l u e  o r  a  spec ia l  v e n t i l a t o r  t o  f r e sh  a i r .  Quite 
apa r t  from these  provis ions ,  the  genera l  l e v e l  of a i r t i g h t n e s s  of 
both the  construct ion and the  windows themselves tended t o  be low 
so  t h a t  a  s i g n i f i c a n t  r a t e  of v e n t i l a t i o n  would take  place even 
when t h e  opening l i g h t s  themselves were shut .  Window manufactur- 
e r s  have, f o r  some t i m e ,  been concerned t o  improve t h e  e f fec t ive -  
ness of s e a l i n g  of t h e i r  windows and t h i s ,  coupled with the  
abo l i t ion  of the  requirement f o r  $en t i l a t ion  of habi table  rooms 
and t h e  powerful motivation i n  both new and e x i s t i n g  buildings t o  
reduce v e n t i l a t i o n  r a t e s  t o  save energy, r e s u l t s  i n  po ten t i a l ly  
very low v e n t i l a t i o n  r a t e s  i n  the  winter  i n  many dwellings. I t  
is the re fo re  becoming apparent t h a t  opening windows, whi ls t  m e e t -  
ing  t h e  requirements f o r  summer v e n t i l a t i o n  do not  provide a  
so lu t ion  t o  t h e  problem of winter v e n t i l a t i o n .  The s i t u a t i o n  is 
a  p a r t i c u l a r l y  c r i t i c a l  one s ince ,  t o  be e f f e c t i v e ,  ven t i l a t ion  
r a t e s  have t o  be con t ro l l ed  within narrow l i m i t s .  From t h e  point  
of view of energy conservation the  v e n t i l a t i o n  r a t e  i n  the  heat ing  
season should be reduced t o  a  minimum, but  from t h e  point  of view 
of condensation r i s k  it is v i t a l  t h a t  an adequate flow of a i r  is 
maintained. Thus, although reducing ven t i l a t ion  is  an extremely 
cos t  e f f e c t i v e  way of reducing heat  l o s s ,  it is c l e a r l y  very 
important t h a t  e f f e c t i v e  ways of cont ro l  should be developed t o  
prevent t h e  d i sas t rous  consequences which can a r i s e  from over- 
en thus ias f i c  but  in judic ious  attempts a t  reducing ven t i l a t ion .  

CONTROLLED mNTILATION 

Quite apar t  from the  g rea t  d i f ferences  i n  the  l i v i n g  h a b i t s  of 
occupants individual  dwellings vary very g rea t ly  i n  t h e i r  a i r -  
t igh tness .  S i t i n g ,  microclimatic f a c t o r s ,  o r i en ta t ion  and 
fenes t ra t ion  a l l  play s i g n i f i c a n t  p a r t s  i n  addit ion t o  the  e f f e c t s  



of choice of mater ia ls  and standards of workmanship. In a series 
of measurements of v e n t i l a t i o n  r a t e s  i n  dwellings b u i l t  i n  the  
t en  years  p r i o r  t o  1925, warren1 found va r i a t ions  between 0.45 
and 1.25 a i r  changes per  hour with windows closed. The t rend is  
c l e a r l y  towards lower r a t e s  of na tu ra l  ven t i l a t ion  (see sec t ion  
3.2). 

I t  is not  poss ib le  t o  p red ic t  i n  advance what ven t i l a t ion  r a t e s  
w i l l  be encountered i n  dwellings and it is d i f f i c u l t  t o  do so ,  
except by ac tua l  tests, i n  e x i s t i n g  buildings.  Unless a ca re fu l  
window opening regime is maintained, ven t i l a t ion  r a t e s  i n  t h e  
lower range a r e  l i k e l y ,  g iv ing rise t o  higher than normal moisture 
concentrat ions i n  the  i n t e r n a l  a i r  and consequently t o  increase  
the  r i s k  of condensation. 

One approach t o  t h i s  problem might be the  careful  study of 
mater ia ls  and workmanship t o  determine which design fea tu res  and 
standards of workmanship could be used t o  give des i red  standards 
by means of i n f i l t r a t i o n  through the  fab r i c .  I f  poss ib le  t h i s  
would c e r t a i n l y  be a highly c o s t  e f f e c t i v e  way of deal ing with 
the  problem. In p rac t i ce ,  however, the re  seems no p r a c t i c a l  
p o s s i b i l i t y  t h a t  the  necessary f a c t o r s  could be s u f f i c i e n t l y  
c lose ly  spec i f i ed  o r  con t ro l l ed  and the  only quick p rac t i cab le  
method of  t e s t i n g ,  the  p ressur i sa t ion  technique, w i l l  g ive a good 
measure of  a i r t i g h t n e s s  but  the re  is  no d i r e c t  co r re la t ion  
between t h i s  and the  mechanism of ven t i l a t ion .  

3 .1  Full  Mechanical Vent i la t ion  

A r e a l i s t i c  approach t o  t h e  problem, which has already been 
adopted i n  some countr ies ,  i s  t o  make t h e  whole of the  bas ic  
construct ion,  including doors and windows, as a i r t i g h t  a s  
poss ib le  and then t o  provide s p e c i f i c  con t ro l l ab le  f ea tu res  f o r  
winter ven t i l a t ion .  

Clearly the  m o s t  p redic table  way t o  cont ro l  low l e v e l s  of ven t i l -  
a t ion  is  by mechanical means. In some countr ies  where energy 
conservation is very important t h i s  method is being adopted. I t  
is s a i d  t h a t  95% of new Swedish dwellings a r e  b u i l t  t o  be a s  
t i g h t l y  sealed a s  poss ib le  and equipped with mechanical ex t rac t  
systems e x t r a c t i n g  through ki tchens  and bathrooms giving an over- 
a l l  v e n t i l a t i o n  r a t e  of one ha l f  a i r  change per  hour. Although 
t h i s  may be a very e f f e c t i v e  so lu t ion  i n  Sweden there  a r e  several  
reasons which prevent it being read i ly  adopted as a so lu t ion  i n  
t h i s  country. Although temperatures i n  t h i s  country occasionally 
do drop t o  extremely low l e v e l s  by any standard,  such occasions 
a re  comparatively shor t  l i v e d  and do not occur every year. A 
more consis tent  l e v e l  of cold i n  Sweden means tha t  window opening 
i n  k i tchens  and bathrooms is  not a f eas ib le  ven t i l a t ion  measure 
i n  winter  and the  building regula t ions  requi re  the  provision of 
qu i t e  expensive means of permanent na tu ra l  ven t i l a t ion .  Thus 
there  is a more acute s i t u a t i o n  recognised by occupants and the  
cost  of the  n a t u r a l  ven t i l a t ion  provisions can be s e t  against  a 



l a rge  p a r t  of the  cos t  of t h e  mechanical ven t i l a t ion  system which 
requi res  much simpler e x i t  provisions through the  building fabr i c .  
To ensure t h a t  the  cont ro l led  low r a t e  of ven t i l a t ion  i s  maint- 
ained the  background i n f i l t r a t i o n  is  minimised by very high 
standards of  workmanship i n  s e a l i n g  the  bui ld ing and a l s o ,  i f  
condensation with low r a t e s  of v e n t i l a t i o n  is t o  be avoided, i n  
ensuring t h a t  no cold bridges w i l l  cause t rouble .  In addi t ion  the  
amount of moisture b a s i c a l l y  present  i n  the  atmosphere a t  very low 
temperatures is  much l e s s  than t h a t  a t  higher temperatures. In 
t e r m s  of condensation r i s k ,  the re fo re ,  t h e  low temperatures 
represent  an advantage. 

In t h e  U.K, climate where t y p i c a l  winter  temperatures hover jus t  
above f reez ing and the  r e l a t i v e  humidities a r e  extremely high it 
is by no means c e r t a i n  t h a t  t h e  ven t i l a t ion  r a t e s  used success- 
f u l l y  i n  Sweden would be adequate. The addi t ional  expense of f u l l  
mechanical v e n t i l a t i o n  i n  t h e  U.K. would be considerable,  design- 
e r s  could be l e s s  c e r t a i n  t h a t  they would function e f f i c i e n t l y ,  
t h e  noise  l e v e l s  would give r i s e  t o  complaint and, on t h e  
experience associa ted  with mechanical systems i n s t a l l e d  t o  over- 
come a i r c r a f t  noise  it i s  very l i k e l y  t h a t  t h e  fans would not be 
adequately maintained o r  repai red  when necessary. In t h i s  
country one must, therefore ,  look t o  t h e  p o s s i b i l i t i e s  of provid- 
ing n a t u r a l  means of con t ro l l ab le  v e n t i l a t i o n ,  perhaps operat ing 
i n  canjunction with simple e x t r a c t  fans. 

3.2 Natural Vent i la t ion  - 

The f i r s t  p r e r e q u i s i t e  is  t o  separa te  the  winter  v e n t i l a t i o n  
function from t h e  opening l i g h t s .  A system of con t ro l l ab le  
v e n t i l a t o r s  separa te  from but  perhaps included i n  the  window 
opening is an obvious p o s s i b i l i t y .  One f a c t o r  which does appear 
t o  be q u i t e  c l e a r  is t h a t  t h e r e  should be a manually operated 
adjustment, t h e  pos i t ion  of  which can be observed by the  users  so  
tha t  repeatable  s e t t i n g s  can be made t o  meet d i f f e r i n g  conditions. 

In a range pf weather condi t ions  the  whole house v e n t i l a t i o n  r a t e  
with i n t e r n a l  doors open was measured using t h e  t r a c e r  gas decay 
method. Fig. 1 shows the  r e s u l t s , p l o t t e d  against  wind speed. 
The in ternal -external  temperature d i f ference  varied between 5 ' ~  
and QOC. Inevi tably  there  i s  s c a t t e r  but  the re  is  a c l e a r  
indica t ion  t h a t  the  use of t h e  v e n t i l a t o r  openings i s  l i k e l y  t o  
produce a higher r a t e  of v e n t i l a t i o n ,  e spec ia l ly  a t  higher wind 
speeds. The superimposed l i n e s  a r e  obtained by l i n e a r  regression 
analyses of t h e  r e s u l t s  wi th  closed and open vents respect ive ly .  
The d is tance  between the  l i n e s  suggests t h a t  the  v e n t i l a t i o n  r a t e  
may be expected t o  increase by 16 - 27% when a l l  t he  v e n t i l a t o r s  
are  opened. 

During the  course of a broad inves t iga t ion  of ven t i l a t ion  r a t e s  
and i n t e r n a l  a i r  movements i n  a range of dwellings r e s u l t s  have 
emerged which ind ica te  the  e f f e c t s  of b u i l t  i n  h i t  and m i s s  s l o t  
v e n t i l a t o r s  and of e x t r a c t  fans .  The houses so equipped a re  



@ Vents open 

@ Vents closed 
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F I G .  1. Comparison of v e n t i l a t i o n  r a t e s  with 
v e n t i l a t o r s  open and closed. 

newly constructed with double glazing and storm porches. Each 
window frame incorporates a s l o t  v e n t i l a t o r  most of which may be 
closed o r  opened t o  produce an open area  of 7000mm2. The v e n t i l a t o r  
i n  t h e  ki tchen is permanently open. The dwelling t e s t ed  was end- 
te r raced with a volume of 200 m3. 

The v e n t i l a t i o n  r a t e s  were measured by a t r a c e r  gas decay method 
which employs mul t ip le  t r a c e r  gases so t h a t  the  i n t e r n a l  a i r  
exchanges between major zones can be assessed. In addi t ion ,  a 
pressur isa t ion  t e s t  was performed a t  50 Pa. 



The r e s u l t s  show the  ef fec t iveness  of the  simple s l o t s  employed i n  
one p a r t i c u l a r  dwelling. I t  i s  c l e a r  t h a t  they do provide an 
increased r a t e  of ven t i l a t ion  without the  disadvantage of t h e  
r e l a t i v e l y  l a rge  opening l i g h t s .  

Many devices of t h i s  type a r e  on t h e  market a t  present ,  some of 
which have a f l a p  arrangement intended t o  give f ixed ven t i l a t ion  
r a t e s  i r r e s p e c t i v e  of pressure d i f ferences  across t h e  u n i t .  There 
is an important need t o  evaluate  the  performance of these  u n i t s ,  
both when i n s t a l l e d  and over a period of t i m e .  

A poss ib le  method of t e s t i n g  such devices when i n s t a l l e d  is  the  
use of t h e  p ressur i sa t ion  technique. 

During t h e  inves t iga t ions  described,  t h e  average of pressur isa t ion 
and depressur isa t ion t e s t s  a t  50 Pa produced a throughput of 
0.675 m3/s with t h e  s l o t  v e n t i l a t o r s  closed and 0.785 m3/s with 
the  v e n t i l a t o r s  open - an increase  of 16%. Some measure of 
cor re la t lon  between t h e  p ressur i sa t ion  r e s u l t s  and t h e  ven t i l a t ion  
measurements i s  evident ;  both techniques giving a s imi la r  assess- 
ment of t h e  e f f e c t  of the  ven t i l a t ion  openings. 

It should be noted from Fig. 1 tha t  low l e v e l s  of v e n t i l a t i o n  r a t e  
are t o  be found i n  st i l l  atmospheric conditions with values as  low 
as 0.25 - 0.30 a i r  changes per  hour. 

3.3 Simple Extract  Fans 

The houses t e s t e d  were equipped with simple ex t rac t  fans  d i s -  
charging through t h e  wall near  t o  the  cooking appliance. In a 
s e r i e s  of decay tests, the  whole house ven t i l a t ion  r a t e  varied 
between 1.1 and 1 .9  a i r  changes per hour with the  fan on and t h e  
window vents closed. The combined e f f e c t  of the  fan and t h e  open 
window vents was t o  produce higher ven t i l a t ion  r a t e s  of between 
1.6 and 3.0 a i r  changes per  hour. An important e f f e c t  of t h e  fan 
is  t o  produce a d i f f e r e n t  flow pa t t e rn  throughout the  house. 
Fig. 2 demonstrates the  changes of d i rec t ion  and flow r a t e s .  
Strong evidence is  a l s o  ind ica t ing  t h a t  flow i n t o  roof spaces and 
c a v i t i e s  is  considerably reduced when an ex t rac t  fan is  running 
i n  t h e  house, Thus the  primary e f f e c t  i s  t o  remove moist a i r  from 
the  zone i n  which water vapour is  generated but the  secondary 
e f f e c t  is  t o  reduce the  flow from the  ground f loor  t o  t h e  f i r s t  
f l o o r  thus  minimising convection of warm moist a i r  i n t o  remote 
rooms with low occupancy and a l i k e l y  minimum of heating.  



EXTRACT FAN 

FIG. 2. Whole house a i r  flows with open ven t i l a to r s  and the  
of f e c t  of ki tchen e x t r a c t  fan. (rlown i n  n3/hr) . 

4. CONCLUSIONS 

1. There is a  c l e a r  and conf l i c t ing  d i s t i n c t i o n  between the  
requirements f o r  summer v e n t i l a t i o n  and f o r  winter 
ven t i l a t ion .  

2. Bu i l t  i n  control lable  v e n t i l a t i o n  s l o t s  can provide a  level  
of v e n t i l a t i o n  compatible with win te r  requirements. 

3. The appropriate s i z i n g  of v e n t i l a t o r s  (and hence t h e  extent  
of t h e  increased v e n t i l a t i o n  which they provide) i s  not known; 
f u r t h e r  research which c o r r e l a t e s  t h e  winter ven t i l a t ion  
requirement with ven t i l a t ion  s i z e  is necessary. 

4.  Kitchen e x t r a c t  fans a r e  highly e f f e c t i v e  means of keeping 
moisture generated i n  cooking out  of t h e  main pa r t  of t h e  
house and i t s  roof space, Reversals  of s t a i r  well flows have 
been c l e a r l y  observed. 
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