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NATURAL INFILTRATION ROUTES AND THEIR MAGNITUDE IN HOUSES - 
PART I - PRELIMINARY STUDIES OF DOMESTIC VENTILATION 

by P R Warren 

SUMMARY 

A supply of fresh air is necessary in any dwelling to ensure a comfortable, 

safe and hygenic environment, but the heat loss to this air, during the 

heating season, may represent a substantial proportion of the total heat 

loss. This points to the need for greater control of domestic ventilation, 

either by using a mechanical system or by better design for natural 

ventilation. This paper touches upon both of these possibilities. A simple 

method is given for assessing approximately the possible reduction in heat 

loss achieved by the use of a mechanical ventilation system. The first 

results of field measurements of natural ventilation in six unoccupied houses 

are described. 
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g = Accelera t ion  due t o  g r a v i  

J 

l h = V e r t i c a l  d i s t a n c e  b m 

Kd = Constant (def ined i n  

= Constant (def ined i n  t h e  t e x t )  

n = Frequency a t  which a  given wind speed i s  exceeded 

p = S t a t i c  pressure  a t  a  su r f ace  

?a 
= S t a t i c  pressure  i n  t h e  f r e e  wind 

Q = Volume f low r a t e  of f r e s h  a i r  

QB = Volume flow r a t e  of f r e s h  a i r  

QD 
= Design volume flow r a t e  of f r e s h  air  

QT 
= Tota l  volume f low r a t e  of f r e s h  a i r  

Q = Volume flow r a t e  of f r e s h  a i r  due t o  wind 

t = Time S 

t = Time period f o r  i n t e g r a t i o n  of h e a t  l o s s  r a t e  S 
P 

U = Reference wind speed (measured a t  10 m i n  open country - 
a s  given by Met. Of f i ce )  m/  S 

Ue 
= Equivalent  wind speed m/s 

'In 
= Wind speed exceeded f o r  n %  of t ime m/ S 

A = Difference  between two va lues  of the  same v a r i a b l e  

(eg  AC equals  C - C  ) 
P Pw Pz 

p = Density of a i r  

Oi = Temperature of a i r  i n s i d e  house 

0 .= Temperature of e x t e r n a l  a i r  
e 
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NATURAL INFILTRATION ROUTES AND THEIR MAGNITUDE IN HOUSES - 
PART 1 - PRELIMINARY STUDIES OF DOMESTIC VENTILATION 

by P R Warren 

1 .  INTRODUCTION 

A supply of fresh air is necessary in any dwelling to ensure a comfortable, 

safe and hygenic environment. In the past, before the recent rapid increase 

in the price of fuels it was only necessary to ensure that a minimum-level 

of ventilation was provided. A reasonable value for this based upon normal 

domestic requirements is 50 11s. The additional requirement now is to 

ensure, as far as possible, that no more than the minimum is supplied during 

the heating season in order to minimise the heat loss and the consequent 

consumption of fuel. It is estimated that some 20 - 40% of the heat input 
to the average house is rcquired to account for the ventilation loss. This 

emphasises the need for greater control of domestic ventilation and this may 

be achieved in two ways; 

i) By the use of mechanical ventilation supplying the required quantity 

at a constant rate. 

ii) By better design for natural ventilation. 

his paper touches upon aspects of both of these approaches, In the first 

the second part the preliminary results of field measurements of ventilation 

tes in six houses are presented. These measurements form part of a larger 

ograme of measurements which it is hoped will not only provide up to date 

ta on ventilation rates in the current housing stock, but will also, used 
l 

onjunction with computer-based prediction procedures, be used to provide 



ACp i s  t he  d i f f e r e n c e  i n  pressure  c o e f f i c i e n t  between the  two f aces  

of the  bu i ld ing .  

ACp w i l l  depend upon t h e  wind d i r e c t i o n  and the  degree of s h e l t e r  of bu i ld ing  

For an unshe l te red  bu i ld ing  wi th  the  wind normal t o  one f a c e  i t  w i l l  have 

a  va lue  of approximately 1.0;for a  s h e l t e r e d  bui ld ing  t h e  va lue  may be nea re r  



where A8 is the mean temperature difference between internal and external air 
- 
0 is the absolute temperature c 

h is thc vertical distance separating the centres of the openings. 

~t is useful to espress equations ( 1 )  and ( 2 )  in dimensionless terms and 

also to introduce the dimensionl.ess Archimedes number, Ar defined as 

Thus, for wind 

In any real situation buoyancy and wind will act simultaneously. Certainly 

his will be the case in the heating season. Even fo -- 
led example the solution for both mechanisms actin 
-- - --"----------------U- ---- - - 

flow rate Qy, under these circumstances has been calculated and is plotted, 

Figure 2  using the dimensionless co-ordinates 
d 



.of  ( j  O C p ) ' / f l r  9 I wind dominates and equat ion  4(a)  i s  a good approximation 

This  may be  s t a t e d  i n  a m o r e ~ u s e f u l  way e r i n g  the va lue  of wind spee 

Ue, a t  whicti t he  vuiulile f low rate due t o  due t o  buoyancy a r e  equal ,  

i e  a t  t h e  p o i n t  of i n t e r s e c t i o n ,  

l 

l l cp j2  = k r  

Since 8 w i l l  vary  only ve ry  s l i g h t l y  and may be taken t o  be equal  t o  300 

where 

Now K depends upon h ;nd A@ ouly, and not  upon t h e  magnitude of t h e  open , e 
a r e a ,  provided t h a t  this  i s  d i s t r i b u t e d  a s  i n  Figure 1 .  h r e p r e s e n t s  t he  

he igh t  between openings and, f o r  normal dwell ings,  w i l l  be i n  t he  range a 
3 - 6 m. A C p  depends upon wind d i r e c t i o n  and the  inf luence  of t he  surrounding{ 

For an  exposed bui ld ing  wi th  t h e  wind perpendicular  t o  one f a c e  ACp i 1.0, f o r  

a s h e l t e r e d  bui ld ing ,  or  f o r  t h e  wind mainly p a r e l l e l  t o  f a c e s  conta in ing  t h e  

openings OC'p could be a s  low as 0.1. Taking these  v a r i a t i o n s  i n t o  account 

K would be expected t o  be i n  t h e  range 
e 



1)  f o r  i 

o,able a value oL ii 01 O .U5 to  be determined. In t h i s  case h' appears  t o  be 
i' e 

i a i r l y  indeperldcrlt of: wind d i  l ec  t io i l  and the r e l a t i v e l y  lligh va lue  r e f l e c t s  

:he s l i e l t r r ed  s i  lruatiorl of the house. Some measure of t h e  e f f e c t  OF o the r  

tllan the  equal  d i s t r i bu t io r t  of a r ea ,  i s  ind ica t ed  i n  F igure  ( I )  may be 

obtained by cons ider ing  the  same simple layout  bu t  with t h e  f allowing 

~ l t e r a t i o n s  t o  t h e  open a r e a s ;  

) Openings 1 and 3  t ; ~ t ? e  t imes a s  l a r g e  a s  2 and 4 ,  

( i i )  Openings 3  and 4  three t imcs a s  l a r g e  a s  1 and 2 .  

'fie d e f i n i t i o n  of K i n  each case ,  then becomes; 
6? ' 

and, 

a i n  t hese  agree  q u a l i t a t i v e l y  with Dick ' s  r e s u l t s .  I n  t he  house wi th  th ree  

Sedroom ven t s  open, approximately equiva len t  t o  ( i ) ,  K was reduced from 0.85 e 
o 0 .6 .  With predominantly leeward v e n t s  open, both on t h e  ground a s  we l l  

the  f i r s t  f l o o r ,  a  s i t u a t i o n  equ iva l en t  t o  ( i i )  K was increased t o  1.0. 
e 

e n t  ( 2 )  and Caton (3) have shown t h a t  t he  cumulative frequency d i s t r i b u t i o n  

wind speed can be expressed i n  t he  form of a s i n g l e  cilrve (Figure 3 ( a )  based 

n  U501 which i s  t h e  wind speed exceeded f o r  50% of t h e  time a t  any given 

e .  F igure  3 (b) shows a  contour  map of U s  0 f o r  t h e  United Kingdom. For 

tance  i n  o rde r  t o  determine t h e  speed exceeded f o r  60% of t he  t ime near  

don can be determined by f i n d i n g  Us0 from Figure  3 ( b ) ,  which i n  t h i s  case  i s  

a 1  t o  4.0 m/s, and ob ta in ing  from Figure  3 ( a )  t h a t  U60/U50 = 0.78. Thus 

i s  3.1 m/s. This  provides a  b a s i s  f o r  n a t u r a l  v e n t i l a t i o n  des ign .  

wind a c t i n g  a lone  the  v e n t i l a t i o n  r a t e  w i l l  be 

t i o n a l  t o  wind speed. The cons t an t  of p r o p o r t i o n a l i t y  i s  i n  t u r n  

ening and t o  t h e  square  r o o t  of app l i ed  p r e s s u r e  

a t t e r  i s  a func t ion  only OE wind d i r e c t i o n  a 

t a i n  types  of dwel l ing ,  i n  p a r t i c u l a  

a1 wal l ,  t o  be f a i r l y  cons tan t .  This  



and %I = 5lu?~ 

where QD i s  t h e  des ign  v e n t i l a t i o n  flow r a t e  

Un i s  t h e  speed exceeded f o r  n% of time 

3. VENTILATION HEAT LOSS 

I f  we make two simple assumptions 

( i )  During t h e  period under cons ide ra t ion , tp , t he  openings remain f i x e d  

( i i )  K does no t  vary w i t h  wind d i r e c t i o n ,  d 

then ,  t h e  h e a t  l o s t  by n a t u r a l  v e n t i l a t i o n  H f l  i s  given by, 

where 8 i s  t h e  e x t e r n a l  a i r  temperature and 8i i s  t h e  design i n t e r n a l  mean 

temperature,  assumed cons t an t .  

Now Q = KdU 

hence 



11 may bc  compared wi th  ~ l l c  h,:nt 1'1 that ~ : o u l d  f ~ e  l o s t  h y  a 'perfect1 
N i l 

\ ? en t i l n t ion  s y s t e m ,  i c  a S V ~ !  #:in w h i i : h  s l ~ p p l  i cd t h e  dt!sign r a t e  t~~.r.oughout 

t h e  hea t ing  p e r i o d .  A Fu 11 ~ n l . ' c ~ l ~ n ~ l i c a ' l  systc?m woultl appl-oximatc t o  t h i s  

Thus 

,"P 

h i s  comparatively simple expression has only been a r r i v e d  a t  a f t e r  a number 

f s imp l i ty ing  assumptions, b u t  i t  has t he  mer i t  t h a t  i t  enables  t h e  r e l a t i v e  

avings i n  v e n t i l a t i o n  hea t  l o s s  us ing  a ' pe r f ec t>mechan ica l  system, t o  be 

s t imated from the chosen propor t ion  of time t h a t  t h e  des ign  r a t e  i s  exceeded 

the n a t u r a l  system, and the  mean wind speed which i s ,  i n  f a c t ,  t h e  a rea  

neath the  cumulative frequency curve.  

a s  been neglec ted  but  i t  can r e a d i l y  be included us ing  the  concept of 

qu iva len t  v e l o c i t y  discussed e a r l i e r .  With a knowledge of t h e  v a r i a t i o n  

during t he  period of i n t  app ropr i a t e  mean va lue  of U may be e 

inc luding  the  eCfcct o 



ge of va lues  

o r o l o g i c a l  dnf-3 

i n  h e a t  l o s s  due t o  

e n t z l a t i o n  a r e  s e t  o u t  i n  Tab1 he most l i k e l y  range of 

a n t i a l l y  above e 
t he  upper l i m i t  of t h i s  range lead t dur ing  the  c o l d e s t  per iods  

l a r g e r  than t h a t  of U ! j O  and i n d i c a t e  t h a t  f o r  t h e s e  cases  wind speed w i l l  not  

be the  major c l i m a t i c  v a r i a b l e  determining v e n t i l a t i o n  r a t e ,  a s  assumed i n  t h  

foregoing a n a l y s i s  i n  Sec t ion  2 .  T h e  prnpor!ion of circumstances t o  which 

t h i s  w i l l  L e  c lppl icablc  IS cxpccled Lo t b  s m , ~ l l  but i t  emphasises t h e  need 

t o  i n t e r p r e t  t h e  r e s u l t s  f o r  va lues  of K > 1.0 i n  Table 1 wi th  some ca re .  e 
It i s  however c l e a r  t h a t ,  provided comparison i s  made with a  n a t u r a l  v e n t i l a -  

t i o n  system which g ives  t he  requi red  f low r a t e  f o r  a t  l e a s t  50X of t h e  t ime, 

t h e r e  w i l l  be  a  b e n e f i t  from rep lac ing  i t  wi th  a  p e r f e c t  mechanical system, 

t he  n e a r e s t  p r a c t i c a l  approach t o  which i s  an input -ex t rac t  system. The 

reduct ion  i n  hea t  l o s s  can be of t h e  order  of 30 - 402 f o r  va lues  of n and K 
A e 

of approximately 60 and 1.0 r e spec t ive ly .  I n  any p r a c t i c a l  s i t u a t i o n  t h i s  

would n e c e s s a r i l y  be p a r t l y  o f f s e t  by the  energy consumed by the  f an ,  a l thoug 

of course,  i_t would b e  p o s s i b l e  t o  o b t a i n  even g r e a t e r  reduct ions  by the  use  

a  hea t  recovery device,  t r a n s f e r r i n g  h e a t  from t h e  outgoing t o  t he  incoming 

a i r .  The r e s u l t s  determined f o r  t h i s  simple example r e s t  on a  number of 

assumptions and l i m i t a t i o n s ,  inc luding  t h e  fo l lowing;  

(i) That t h e r e  i s  no e f f e c t  on n a t u r a l  v e n t i l a t i o n  of wind d i r e c t i o n .  

(ii) That the  annual cumulative frequency curve is  equal ly app l i cab le  t o  

t he  t h r e e  chosen months only .  

( i i i )  Mean monthly temperatures were used. 

The approach could be extended r e a d i l y  t o  take account of t hese ,  given the  

app ropr i a t e  c l i m a t i c  d a t a ,  bu t  t h e  order  of magnitude of the r educ t ions  giver 

i n  Table 1 would not  be expected t o  be s u b s t a n t i a l l y  a l t e r e d .  

4 .  VENTILATION RATES I N  DWELLINGS 

4 .1  General 

The foregoing  d i scuss ion  d e a l t  w i th  t h e  r a t h e r  a r t i f i c i a l  s i t u a t i o n  i n  which 

was assumed t h a t  a r e a s  f o r  v e n t i l a t i o n  could be  f i x e d  t o  g ive  a  design r a t e  



f o r  A s ( 1 1 c c t ~ d  p r o p u r t i o ~ \  c ) i  t i m e .  111 p r a c t i c e  many oper~ings a r e  a d v e n t i t i o u s  

rind n l t l l n u g l l  i l l  somcl cas1.s l h l s s p  can be n l t c r e d ,  by  s ca l ing  or draught -s t r ipp i t lg  

l o r  i n s  tnnce,  the occupnrit cnrlrlot r e a d i l y  dc tcrmine wlla t e f f e c t  t h i s  may I~ave  , 
on v e n t i l a t i o n  r a t e .  I n  order  t o  provide d a t a  on wintertime v e n t i l a t i o n  r a t e s  

t he  Building Research S ta t io l l  i s  c u r r e n t l y  car ry ing  out  a programme of 

measurements i n  unoccupied dwel l ings .  The d a t a  w i l l  be used t o  t e s t  p red ic t ions  

From computer-based t h e o r e t i c a l  mcdels and i t  is a l s o  hoped t o  c o r r e l a t e  

measured v e n t i l a t i o n  r a t e s  wi th  the  r e s u l t s  from the simple leakage t e s t  

descr ibed by Skinner ( 4 ) .  Although t h i s  programme of measurements has  

t1nly been under way f o r  a  f a i r l y  s h o r t  per iod  of time i t  i s  poss ib l e  t o  p re sen t  

some i n t e r i m  r e s u l t s  and conclusions.  

:+.2 Techniques and Ins t rumenta t ion  

v e n t i l a t i o n  r a t e s  were measured using t r a c e r  gas  technique which h a s  been 

descr ibed  i n  d e t a i l  by a  number of workers.  B r i e f l y  a  quan t i t y  of t r a c e r  gas ,  

n  t h i s  case n i t r o u s  oxide ,  i s  i n j e c t e d  i n t o  the  space under t e s t  and the  decay 

T t r a c e r  c o r r e n t r a t i o n  monitored us ing  an  infra-red gas ana lyser  and recorded.  

rovided t h a t  incoming a i r  mixes we l l  w i t h i n  the  space, which is  g e n e r a l l y  t h e  

a s e  i n  the  condi t ions  of a i r  movement found wi th in  a  dwell ing,  t h e  decay i s  

xponent ia l  with a time cons t an t  which i s  t h e  inverse  of v e n t i l a t i o n  r a t e .  

c a l  wind speed and d i r e c t i o n  and a l s o  temperatures wi th in  and o u t s i d e  the  

e l l i n g s  were a l s o  measured and logged on paper tape f o r  subsequent a n a l y s i s  

y  computer. 

asurements have been made i n  s i x  dwel l ings ,  reasonably t y p i c a l  of modern 

ousing s t o c k  of which b r i e f  d e t a i l s  a r e  given i n  Table 2 .  

3 Whole House V e n t i l a t i o n  Rates 

cause of the  l imi ted  per iod  of time, u s u a l l y  about one month, f o r  which 

ch of t h e  houses was a v a i l a b l e  f o r  t e s t i n g  i t  was no t  poss ib le  t o  employ 

e  technique descr ibed by Dick (5) f o r  the  de te rmina t ion  of whole-house 

t i l a t i o n  r a t e s  which would have r equ i r ed  the  simultaneous l i b e r a t i o n  of 

r gas i n t o  a l l  rooms wi th in  t h e  house. Ins tead  two o ther  methods were 

I n  t h e  f i r s t ,  i n d i v i d u a l  room r a t e s  were measured and from a knowledge 

e  a i r  flow paths and d i r e c t i o n s  through t h e  house, determined by obse r r  

n  of a  smoke t r a c e r ,  it was p o s s i b l e  t o  b u i l d  up the  whole house v e n t i l a t i o n  

from t h e  a i r  e n t e r i n g  

f a c t o r i l y  be u s e  

jo in ing  windward 



c r e a t e s  unreprc\tbIlt  

owever provided the mixing f ans  were arranged 

the  e x t e r n a l  w a l l  the  arrangement would be expected t o  g ive  t h e  c o r r e c t  ven t  

t i o n  r a t e s  f o r  a house wi th  i n t e r n a l  doors  wven only s l i g h t l y  open s i n c e  the  

a i r  f low r a t e s  would be determined by t h e  r e s i s t a n c e  of t he  smal le r  openings 

the  e x t e r n a l  wal l .  Even wi th  i n t e r n a l  doors  closed the  r e s u l t s  should no t  b 

s u b s t a n t i a l l y  i11 e r r o r  because of t h e  gene ra l ly  poor f i t  of i n t e r n a l  doors .  

I t  should a l s o  b e  noted t h a t  temperature d i f f e r ences  between rooms i n  the 

house w i l l  be subs;ant ial ly  reduced. This  would only be expected t o  have a 

s i g n i f i c a n t  e f f e c t  wlicn wind s2eeds a r e  low and buoyancy f o r c e s  dominate. E 

then i t  i s  the  mean i n t e r n a l  temperature which i s  t he  most impor tan t  f a c t o r  

determining whole house v e n t i l a t i o n  r a t e ,  and t h i s  w i l l  be the same i n  bo th  

wi th  and wi thout  

The f i r s t  method was used i n  determining whole house r a t e s  f o r  houses C and 

and t h e  second method f o r  houses D, F, G, H and J. The r e s u l t s  f o r  house D 

t h e r e f o r e  provide a u s e f u l  comparison between the  two methods. F igure  (5) 

shows t h e  v a r i a t i o n  of v e n t i l a t i o n  r a t e  with wind speed f o r  t h e  predominant 

wind d i r e c t i o n .  The r e s u l t s  u s ing  t h e  f i r s t  method (with i n t e r n a l  doors 

c losed)  l i e  very c l o s e  t o  those  determined using t h e  second method. A l t h o u ~  

these  r e s u l t s  a r e  f o r  a s i n g l e  ca se  only  the comparison lends  confidence t o  

use of t h e  more r ap id  method f o r  measuring whole house v e n t i l a t i o n  r a t e s .  

i 
Table 3 shows the  v e n t i l a t i o n  r a t e  achieved a t  the  mean wind speed f o r  each 

s i t e .  These va lues  were obta ined  by f i t t i n g  the  b e s t  s t r a i g h t  l i n e  through 

the  d a t a ,  p l o t t e d  a g a i n s t  t h e  major v a r i a b l e ,  wind speed, a s  i n  F igure  (5), 

and reading  off  the v e n t i l a t i o n  r a t e  app l i cab le  t o  t he  mean wind speed f o r  

t he  site.  Clear ly  t h i s  method g i v e s  a va lue  weighted towards the  p a r t i c u l a r  ' 

d i s t r i b u t i o n  of wind d i r e c t i o n  and temperatures occurr ing  dur ing  the  per iod  

of t e s t i n g ,  which may not  be t y p i c a l  of the  d i s t r i b u t i o n  which would apply 

dur ing  o t h e r  per iods  of i n t e r e s t  such a s  the f u l l  hea t ing  season.  However 

i n  l i e u  of the  more d e t a i l e d  a n a l y s i s  i t  i s  suggested t h a t  t h e s e  e s t ima te s  

w i l l  n o t  e r r  s u b s t a n t i a l l y .  



~ l t h o u g h  the re  i s  a wide -vnri.ntion i n  wliolc ho~lsc? ven~i1n: ion r a t e s  shown 

in Table 3 ,  from 0 .3  t o  1,J5 these a l l  l i e  we l l  below the  va lue  of 2.0 

determined by Dick (5)  from lnensurelnents on semi-detached houses a t  

Abbots Langley. Of the  present  houses only H and J were f i t ' t e d  wi th  f l u e s  

~ n d  these had been sea l ed  of f  whereas the Abbots Langley house had both f l u e s  

3s we l l  a s  a number of purpose b u i l t  ventilation openings i n t o  t h e  roof space.  

'Chis i s  a lmost  c e r t a i n l y  t h e  main r eason  f o r  t h e  s u b s t a n t i a l  d i f f e r e n c e  between 

the  two s e t s  of r e s u l t s .  I n  three  of t h e  houses,  D, H and J,  t h e  v e n t i l a t i o n  

flow r a t e s  were we l l  below the suggested requirement of 50 l / s .  Although 

~ h e s e  r e s u l t s  a r e . o n l y  a t i n y  sample, arid ca re  must be taken i n  g e n e r a l i s a t i o n  

a t  t h i s  s t a g e ,  t h e r e  i s  a c l e a r  i n d i c a t i o n  t h a t  the  suspected reduced v e n t i l a t i o n  

r a t e s  i n  modern, a s  opposed t o  e a r l i e r  housing, i s  w e l l  founded. 

'5.4 Ind iv idua l  Room V e n t i l a t i o n  Rates  

A t  each s i t e  v e n t i l a t i o n  r a t e s  were measured i n  i nd iv idua l  rooms, wi th  

i n t e r n a l  doors  closed.  These have been analysed i n  a s i m i l a r  way t o  the  whole 

house r a t e s  t he  v e n t i l a t i o n  r a t e s  applying a t  the  mean wind speed a r e  l i s t e d  

i n  Table 4. Because of t h e  method of measurement t h e r e  i s  no d i s t i n c t i o n  i n  
* 

these  r e s u l t s  between t h e  s i t u a t i o n  when the  room w a s  v e n t i l a t e d  e n t i r e l y  w i th  

a i r  from o u t s i d e  and when some of t h e  air had passed through o t h e r  p a r t s  of 

the  house. This  i s  immaterial  i f  t he  r e s u l t s  a r e  t o  be compared w i t h  some 

form of p r e d i c t i v e  method but  from the  p o i n t  of view of s a t i s f y i n g  v e n t i l a t i o n  

requirements i c  should be born i n  mind t h a t  some of t he  air  e n t e r i n g  the  room 

may a l r eady  be  contaminated and these  r e s u l t s  would g ive  an o p t i m i s t i c  assess -  

ment of t h e  l e v e l  of v e n t i l a t i o n .  

S might be expected t h e  l e v e l s  of v e n t i l a t i o n  f o r  rooms g iven  i n  Table 4 

o r  each of t h e  s i x  houses r e f l e c t  t h e  same t rends  as t h e  whole house r a t e s  

iven i n  Table 3 .  A s  a b a s i s  f o r  d i s c u s s e d - i t  i s  u s e f u l  t o  compare these  

i t h  the l e v e l s  s p e c i f i e d  i n  the  a p p r o p r i a t e  Code of P r a c t i c e  - CP 3 ,  

Chapter I(c) - ' v e n t i l a t i o n ' ,  and o t h e r  bases  f o r  v e n t i l a t i o n  requirements .  

requirements of CP 3 Ch.l(c) a r e  summarised i n  Table 5.  

n l i v i n g  rooms the  r equ i r ed  flow r a t e  is  based upon t h e  need t o  remove body 

u r  and depends upon t h e  dens i ty  of occupat ion.  Taking t h e  s i z e  of the  - 

i ngs  i n t o  account a reasonable l e v e l  of offucp ould seem t o  be 

persons y i e l d i n g  a requirement of about 2 is c l e a r  t h a t  t h i s  

hieved i n  house C and very n e a r l y  i n  hous 

same window opening would be r e q  

v e l .  

I f 



es  C and F, t he  ma jo r i t y  of bedrooms would not  be 

d  i n  accordance wi th  t h e  Code of P r a c t i c e .  Again 

i s  based upon odour l e v e l  and nuisance due t c  odour . r i l l  

s u b j e c t i v e  r e a c t i o n  of the  occupant. However, 

e r e l a t i o n s h i p  between low v e n t i l a t i o n  r a t e  and the  

a t i o n  and mould growth i n  dwell ings,  i n  p a r t i c u l a r  

i n  bedrooms, which may o f t e n  be poorly heated.  Although condensation w i l l  

depend on o ther  f a c t o r s  t han  v e r ~ t i l a t i o n  t h e  l e v e l s  found i n  houses D, G, H 
,. 

and J g ive  r i s e  t o  some concern.  

Kitchens present  a  p a r t i c u l a r  problem. This  a r e a  of the  house is  the  main 

sou rce  of many contaminants found i n  dwell ings,  p a r t i c u l a r l y  moisture from 

cooking and c l o t h e s  washing. These, however by t h e i r  na tu re  a r e  i n t e r m i t t e n t  

a c t i v i t i e s  and may be d e a l t  with by high, short-term v e n t i l a t i o n  r a t e s  

n e c e s s a r i l y  suppl ied by window opening o r  by t h e  use  of an e x t r a c t o r  f an .  

To prevent  condensation by t h i s  means under t y p i c a l  circumstances r e q u i r e s  

a  f low r a t e  of some 80 l / s  ( 6 ) .  The a l t e r n a t i v e  is  t o  al low some water 

vapour t o  condense dur ing  t h e  product ion per iod  b u t  main ta in  a minimum 

cons t an t  l e v e l  of f r e s h  a i r  supply,  s u f f i c i e n t  t o  ensure t h a t  i t  i s  re-evapor- 

a t ed  over a  per iod of t ime. Gauger & Schule (7)  suggest 30 and 15 l / s  depending 

upon whether cooking i s  by gas o r  e l e c t r i c i t y .  CP 3 - ch. ] ( c )  recommends 16 11s 
wi thout  making t h e  b a s i s  of t h i s  f i g u r e  c l e a r .  The l e v e l s  measured a r e  probably 

s a t i s f a c t o r y ,  except i n  t h e  case  of house H which has  a  ve ry  low r a t e  of 6 l / s ,  

al though some window opening would be r equ i r ed  i n  houses F> GG, and J. 

4 .5  The E f f e c t  of Window Opening 

Due t o  l imi ted  time i t  was no t  poss ib l e  t o  examine the  e f f e c t  on v e n t i l a t i o n  

r a t e  of window opening i n  d e t a i l .  However, i n  order  t o  o b t a i n  a  measure of t h e  

c o n t r o l l a b i l i t y  of v e n t i l a t i o n  us ing  openable windows i n  modern houses t h e  

e f f e c t  on room v e n t i l a t i o n  r a t e s  of opening t h e  sma l l e s t  a v a i l a b l e  window i n  

t h e  room t o  i t s  f'irst fixable p o s i t w r ~  was measured. I n  a l l  cases  i n t e r n a l  

doors  and o ther  windows were c losed ,  except f o r  one o ther  window s i m i l a r l y  

opened i n  t he  opposing room on the  o ther  s i d e  of t h e  house. The change i n  

v e n t i l a t i o n  r a t e ,  a t  t h e  s i t e  mean wind speed, a r e  given i n  Table 6 .  The 

i n c r e a s e  i n  a l l  cases  i s  s u b s t a n t i a l ,  a t  l e a s t  two-fold and, on average,  

four - fo ld .  The a c t u a l  f i g u r e s  only have re levance  t o  the  p a r t i c u l a r  houses 

measured, bu t  t h e i r  importance l i e s  i n  r e f l e c t i n g  t h e  poor c o n t r o l  t h a t  

openable windows provide over n a t u r a l  v e n t i l a t i o n  i n  a room. 



5.  CONCLUSIONS 

,rhese r e s u l t s  form only p a r t  of a  cont inuing programme of research  on domestic 

v e n t i l a t i o n ,  which w i l l  be r epo r t ed  on more f u l l y  i n  due course.  ~t is 

p o s s i b l e  however t o  draw some i n t e r i m  conclusions : 

( i )  If over a  p a r t i c u l a r  per iod of time the  s i z e  and d i s t r i b u t i o n  of openings 

i n  a  house i s  such t h a t  t h e  requi red  v e n t i l a t i o n  r a t e  is  suppl ied f o r  SO%, 

or  a  l a r g e r  percentage of the  t ime, then  the re  w i l l  be a  t h e o r e t i c a l  b e n e f i t  

i n  reduced v e n t i l a t i o n  h e a t  l o s s  achieved by supplying t h i s  a i r  f low r a t e  by 

an inpa t - ex t r ac t  mechanical system, even w i ~ h o u t  hea t  exct~arrge . The magnitude 

of t he  r educ t ion  w i l l  v a r y  wi th  the p a r t i c u l a r  a p p l i c a t i o n  bu t  a s  an  exalnple, 

f o r  a t y p i c a l  house in  the London a r e a  the  saving over the t h r e e  main win ter  

months could be 30 t o  40X i n  comparison wi th  a n a t u r a l  v e n t i l a t i o n  system 

giving a  d e s i r e d  r a t e  f o r  60% of t h e  time. 

( i i )  Whole house v e n t i l a t i o n  r a t e s  were measured i n  s i x  houses and were found - 

t o  l i e  i n  t he  range 0.3 t o  1.35 a i r  changes per  hour a t  mean wind speed.  These 

e r e  lower than  the  r a t e s ,  t y p i c a l l y  2.0 a i r  changes per  hour, measured by 

Dick i n  housing b u i l t  i n  t h e  immediate post-war per iod ,  and i n  t h r e e  of t h e  

houses t he  volume flow r a t e s  were found t o  be wel l  below t h e  suggested minimum 

a l u e  of 50 11s a t  mean wind speed. 

( i i i )  I n  many cases  i n d i v i d u a l  room v e n t i l a t i o n  r a t e s  were found t o  be we l l  

below the  requirements suggested i n  B r i t i s h  Standard Code of P r a c t i c e  CP 3  

Chaper I (c)  - ' v e n t i l a t i o n t  , p a r t i c u i a r  Ly i n  bedrooms and l i v i n g  rooms. 

i v )  The i nc rease  i;? v e n t i l a t i o n  r a t e  i n  rooms when a window was opened t o  

i l  s fir!-q;: f ixed ,  p o s i t i o n  was fouzld t o  be s u b s t a ~ l t i a l ,  on averaze f o u r  t imes 

e l e v e l  w i th  t h e  window c losed .  This  r e f l e c t s  t he  poor c o n t r o l  t h a t  openable 

indows have over n a t u r a l  v e n t i i a t  ion.  
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