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1.  I n t r o d r ~ c t  i on  

Energy c a l c ~ ~ l a t i o n s  For  space h e a t i n g  q e n e r a l l y  n e g l e c t  two impor tan t  

Fac to r s .  The f i r s t  i s  :he c o n t r i b u t i o n  wh ich  t h e  occupants  and t h e i r  a c t i v i t i e s  

make t o  t h e  space h e a t i n g .  I n  t h e  c o l d e s t  weather t h i s  i s  30-50:; o f  t he  t o t a l  

heat  l o s s . '  The second' i s  t h a t  Deople open windows and t he  v e n t i l a t i o n  l o s s  i i  

2 
muc1.1 h i ghe r  t h a r ~  expected,  p a r t  i c u l s r l y  i n  m i l d  weather .  C a l c u l a t i o n s  suqqcst 

t h a t  t h i s  v e n t i l a t i o n  l o s s  can r , c j l ~ s t i t t ~ t e  h a l f  o f  t h e  space hea t i ng  energy.  

The inc reased  f a b r i c  i n s u l a t i o n  wh ich  new h w s e s  c o n t a i n  makes t h i s  v e n t i l a t i o n  

energy l o s s  p r o p o r t i o n a t e l y  much more i c i po r t an t .  The nex t  r esea rch  st;lqc. 

towards a low energy house i s  t h e r e f o r e  one gf c o n t r o l  l e d  v e n t i l a t i o n  w i t h  beac 

recove ry .  T h i s  paper se t s  o u t  t o  show how peop le  ope ra te  t h e  windows i n  modern 

B r i t i s h  houses and t h e n  rev iews  t he  t h r e e  types  o f  v e n t i l a t i o n  need, nanicly 

p h y s i o l o g i c a l ,  d i l u t i o n  of: con taminan ts  and summer c o o l i n g .  

2 .  V e n t i l a t i o n  i n  p r a c t i c e  -- 
3 D i c k  & Thomas 1951 mon i t o red  twen ty  occupied exper imenta l  houses and 

showed a  l i near t .e la t  i o n s h i  p between open windows and t h e  ou tdoor  a i  r temper~Tture,  

T h i s  accounted f o r  70% o f  t h e  observed v a r i a n c e  i n  t h e  number c f  windows open an3 

a f u r t h e r  1 0 %  cou ld  be a t t r i b u t e d  t o  wind speed w i t h  h i ghe r  winds caus"ing l e s s  

windows t o  be open. The houses were c a r e f u l l y  c a l i b r a t e d  and t h e  two most 

impo r tan t  f a c t o r s  a f f e c t i n g  a i r  change r a t e  were number and t ype  o f  window open 

and t h e  wind s ~ e e d .  The a c t u a l  window opening behav iour  t h e r e f o r e  r e s u l t e d  i n  

an a i r  change r a t e  l i n e a r l y  l i n k e d  w i t h  tempera tu re  i n  t h e  way i l l u s t r a t e d  i n  

f i g .  1 .  Hcv~evcr these  houses con ta i ned  d i f f e r e n t  t ypes  o f  l o c a l  h e a t i n g  ar ld d i d  

n o t  i n c l u d e  any c e n t r a l  h e a t i n g .  

D e t a i l e d  F i e l d  t r i a l s  on modern c e n t r a l  h e a t i n g  equipment were c a r r i e d  ou t  a t  

Bror i ley over  t hc  1968/69 h e a t i n g  season. U n f o r t u n a t e l y  no window obse rva t  ions 

were made bu t  a t t r i b u t i n g  any d isc repancy  between t h e  measured heat l o s s  and t h e  

t h e o r e t i c a l  l o s s  t o  v e n t i l a t i o n  r e s u l t e d  i n  a  s i m i l a r  r e l a t i o n s h i p  t o  t h a t  o f  

t h c  e a r l i e r  s t udy .  T h i s  i s  superimposed on f i g .  1. 

To p r o v i d e  a  more pos l  t i v e  c o r r e l a t i o n  between window opening behav iour  and 



thc  \.,eather- VIP s r  iancjeci a d a i  l y  weekclay survey o f  123 l o c a l  houses. A 1  l were 

l o c a t e d  i n  one area and had c e n t r a l  h e a t i n g .  They had beet1 bu i  I t  between 

t e n  and four  years  ago. Approx in is te ly  h a l f  o f  t h e  ~ b s e r v i i t i o n s  were made i n  

tile n;orning and h a l f  i n  t h e  a f t e rnoo r i  i n  a  random a l l o c a t i o n .  The d a i l y  weather 

da ta  was recorr icd a t  a  weather s t a t i o n  s i x  m i  i e s  n o r t h  east  o f  t h e  houses. 

The rnontnly 3vc?rages o f  rooms w i t h  open wi r~dows i n  each house a r e  s t~n i rn~r isec l  

i n  Tab le  I t oge the r  w i t h  t h e  month ly  weather d3 ta .  Temperature i s  s t i l l  t he  

dominant f a c t o r .  The number o f  rooms w i t h  open windows i s  p l o t t e d  as  a  f u n c t i o n  

cf tempera tu re  i n  f i g .  2 .  T h i s  r e l a t i o n s h i p  i s  ve r y  s im i l c? r  t o  t h e  e a r l i e r  one 

o f  D ick  & Thomas. 

L e t  us  loo'c now a t  t h e  v e n t i l a t i o n  needs o f  people  i n  d e t a i l .  

3 .  P h y s i o l o g i c a l  cons ide ra t  i o n s  

For  a g i v e n  a c t i v i t y  t h e  b r e a t h i n g  r a t e  i s  c o n t r o l l e d  p r i m a r i l y  by t h e  

c a r t o n  d i o x i d e  c o n c e n t r a t i o n  i n  t h e  lungs ,  no t  t h e  oxygen c o n c e n t r a t i o n  i n  t h e  

roorn. When t h e  i n s p i r e d  a i r  c o n t a i n s  approximately 2% by volumc of carbon 

d i o x i d e  t h e  dep th  o f  b r e a t h i n g  inc reases .  When t h e  c o n c e n t r a t i o n  reaches 3-5;: 

by volume t h e r e  i s  a consc ious need f o r  inc reased  r e s p i r a t o r y  e f f o r t  and t he  

atmosphere bccotiles o b j e c t  i c n a b l e .  The b r e a t h i n g  r a t e  i S i nc reased .  

Concen t ra t i ons  over  6% a r e  dangerous. 
4 

Since exha lcd  a i r  c o n t a i n s  carbon d i o x i d e  Fresh  a i r  must be s u p p l i e d  t o  

d i l u t e  t h e  roorrl c o n c e n t r a t i o n  t o  an accep tab le  l e v e l .  T h i s  maximum concentration 

f o r  e i g h t  hour exposure i n  work e reas  i s  0 . 5 % ~  by volume wh ich  a1 lows a generous 

s a f e t y  marg in  f o r  b rea th<ng  comfo r t .  The aniount o f  carbon d i o x i d e  produced by 

people  i s  a f u n c t i o n  o f  t h e i r  a c t i v i t y  and t o  a much sma l l e r  e x t e n t  t h e i r  d i e t .  

As t he  a c t i v i t y  inc reases  so more oxygen i s  consumed and more carbon d i o x i d e  

released. Thc chem is t r y  o f  n~e tabo l  ism leads  t o  more carbon d i o x i d e  be ing  c rea ted  

by t h e  o x i d a t i o n  o f  ca rbohydra tes  than  f a t s .  The p r o p o r t i o n  o f  carbon d i o x i d e  

re leased  i s  s l  i g h t  l y  l e s s  than  t h e  oxygen absorbed f o r  peop l c  on a normal mixcd 

d i e t  ( 0 . 8 5  X volume o f  oxygen) . 

1 2 s  



Normal ot~tclclor a i r  c o n t a i n s  0.1132 by volume o f  csi-bon d i o x i d e .  The 

f r e s t l  a i r  needecl t o  ach ievc  t h e  0 .58  carbon d i o x i d e  l i m i t  i n  r.oonls i s  1;.5m'/l-! 

for. :I seden ta ry  person.  P ! -opo i t  i o n t ~ t e l  y more i s  r e q u i  r ed  f o r  h i ghe r  a c t  i v i  L + /  

l e v e l s .  L o w r  carbon d i ~ x i d e  l e v e l s  a r e  sometimes recoin~~icnded (0 .1% by volunw) 

bccause i t  i s  c a z i  l y  mcasur-cd and g i v e s  a good guic!e t o  o thc t -  con taminan ts  l ess  

r e a d i l y  i d e n t i f i e d .  

To le rance  t o  oxygen concen t ra t  i o n  i s  v e r y  wide and can v a r y  f ron i  212-13%: 

by b o l  ulne w i  t h c u t  a1 t e r a t  i n n  i n  h r c a t h i  ng.  St ior tage of oxygen i S t h e r e f o r e  

i rn l  i k c l y  t o  be encountered i n  any  normal bu i  l d i n g .  

Odours i n  l i v i  ng room.; come nios t l  y  f !-OM t h e  occupants  t hemselvcs. Hca l t h y  

c l ean  peop le  g i v e  o f f  odours even in i rnediatc ly a f t e r  a  ba th .  S u c h o d o t ~ r s  arcx 

no t  known t o  be harmfu l  but  do induce unpleasantness.  T h i s  unpleasantness i s  

r c l a t e d  t o  t h e  odour c o n c e n t r a t i o n .  S e n s i t i v i t y  i s  such t h a t  i t  takes  chree 

t imes  rriore f r e s h  a i r  t o  change an asscssnlent f r om  ' s t r o n g '  t o  'moderate i  and a 

f u r t h e r  f a c t o r  o f  t h r e e  t o  reduce i t  t o  ' d e f i n i t e i .  Rapid  a d a p t a t i o n  t o  the  
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odour occu rs  w i t h  exposure.  Lehmberg 1935 found t h e  odour g e n e r a t i o n  t o  be 

p r o p o r t i o n a l  t o  t h e  s i z e o f  t h e  person.  Yaglou, R i l e y  and Coggins 1316 7 

s t u d i e d  t h e  f a c t o r s  i n f l u e n c i n g  t h e  amount o f  d i l u t i o n  needed t o  render  body 

odours  accep tab le .  There were no sex d i f f e r e n c e s  i n  oduur gene ra t i on ,  p rov i ded  

t h a t  perfume was no t  used. Age became Impor tan t  f o r  c h i l d r e n  younger t han  

f o u r t e e n  years  o l d .  Younger c h i l d r e n  c r e a t e d  more o b j e c t i o n a b l e  odours  and 

r e q u i r e d  s co r respond ing l y  l a r g e r  amount o f  d i l u t i o n  a i r .  Odour g e n e r a t i o n  was 

o n l y  s t r o n g l y  r c l a t e d  t o t h e  t ime  e lapsed  s i nce  t h e  l a s t  ba th .  For  a d u l t s  t h r  

odour genera t io t ,  was o n l y  s l  i g h t l y  inc reased  ove r  t h e  f i r s t  s i x  days a f t e r  a  

ba th .  However t h e  odour genera t  i o n  r a t e  inc reased  r a p i d 1  y a f t e r  seven days. 

C h i l d r e n  genera ted  odour i n  a more p r o g r e s s i v e  way w i t h  s l apscd  t ime .  I n  three 

days t h e i r  odour a c c e p t a b i l i t y  was e q u i v a l e n t  t o  t h a t  genera ted  by an a d u l t  onc 

week a f t e r  hav ing  a  b a t h  ( f i g .  3 ) .  



An uniri;ual featul-c! o f  body oclaurs which d i s t i n g u i s h e s  t han  f r om s imp le  

chcrnicnl mlour-S i S tt:r!l: accept ,~i j i  l i t y  i s  i n r l u c n c c d  by b o t h  concen t ra t  i o n  ancl 

per--,or~al s p ~ l c c .  T h i s  i s  prcsc!!:rably duc t o  t h e  odour g r a d i e n t  around i n d i v i  t l u )  l s 

and i t  i s  i ~ s u a l  l y  expressed i n  ternls o f  pe rsona l  volume. I f  severa l  people 

occupy a rsool then  the d i  l u t i o n  a i r  has t o  be inc reased  by niore t han  the n\~r,,Ler 

o f  peop le .  Accep tab le  d i l u t i o n  a i r  i s  thi:i.eFore a  f u n c t i o n  o f  t h e  number o f  

peop le  i n  a room and t h e  persona l  space a l l o t e d  t o  each. T h i s  i s  i l l u s t r a t c d  i n  

f i g u r e  4 .  

I n  houses and f l a t s  where cook ing  sme l l s  a l s o  c o n t r i b u t e  t o  odour,  t h e  
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prob lem i s  r :~ore complex. Becher and Evensen 1361 found i n  p r a c t i c e  t h a t  t hc :  

a i r  q u a l i t y  was domi t t ,e c l e a n l i n e s s  and habi ts .  of  t h e  i n d i v i d u a l  fanl i !  i c s .  

T h i s  v e n t i l a t i o n  f o r  odour c o n t r o l  i s  t h e  minimum f o r  t h e  Fresh a i r  supp l y .  

Srnolc i ncl 5 .  ---;_ 

F resh  a i r  i S needed t o  d i l u t e  c i g a r e t t e  smoke t o  an accep tab le  l e v e l  o f  

o conlbust ior i  f rom a  c i g a r e t t e  a r e  cornolr~x 

and numerous, and va ry  w i t h  t h e  room c o n d i t i o n s ,  t h e  smoking h a b i t s ,  t h e  tnbacco 

and i t s  processing and pack ing  w i t h i n  t h e  c i g a r e t t e .  I n  genera l  more tobacco 

i s  burned d u r i n g  the  'smoulder '  p e r i o d  and escapes t o  t h e  room than duping t h e  

' p u f f i n g '  p e r i o d  when t he  srnokcr absorbs rrlost o f  t h e  combusr i o n  p roduc t s  h i r i i r e l f  . 

T h i s  s idestr-eam smoke i s  p a r t i c u l a r l y  r i c h  i n  carbon monoxide and c o n t a i n s  a  

h i ghe r  p r o p o r t i o n  o f  ammonia, n i c o t i n e ,  o x i d e s  o f  n i t r o g e n  and a ldehydes than t h e  

mainst ream smoke, Us ing r e c e n t  chemical  ana lyses  o f  c i g a r e t t e  smoke we can 

e s t i m a t e  the o r d e r  o f  magnitude o f  t h e  f r e s h  a i r  d i l u t i o n  necessary  t o  meet h e a l t h  

and comfor t  c r i t e r i a .  For  simplicity we s h a l l  use t h e  u n i t  o f  d i l u t i o n  t o  be the 

uncontaminated f r e s h  a i r  needed t o  d i l u t e  t h e  combust ion p roduc t s  o f  a  c i g a r e t t e ,  

The c r i t e r i a  f o r  h e a l t h  v a r y  acco rd i ng  t o  t h e  a p p l i c a t i o n .  Safe e i g h t  hour 

exposure l i m i t s  f o r  i n d u s t r i a l  workers  assume a  h e a l t h y  i n d i v i d u a l  and expect a 

smal l  p r o p o r t i o n  o f  s e n s i t i v e  peop le  t o  exper ience  a  l i t t l e  d i s c o m f o r t .  Morc 

r ecen t  recornmendat i ons  deal  wi t h  t h e  home envi  ronment wh i ch  may we1 l c o n t a i  n  s i  c4 



and e lder ! ) ;  peoplc who a re  cont i r led t o  t h a t  atlncs?I~er-c f o r  a1 I t h e  day cver-y 

clay. S u c l ~  c r - i  tc r i ; !  a r c  cho5cn t o  a v o i d  ntl ~ i n d c s i r a b l c  c f f r c t  oi l  t h e  riiosl 

scns i  t i v c  person arid yer iera i  l y  a r e  appl  icrl t o  the ocltdnor a i r .  An a n a l y s i s  

16 
o f  t h e  l i t c r a t u r e  suggests d i  l u l i o n  on h c a l t h  grounds t o  be app rox ima te l y  

10rn / c i g a r e t t e  t o  m a i n t a i n  a  carbon monoxide l e v e l  below 9ppm by volulne, and 

app rox ima te l y  t w i c e  t h i s  v a l t ~ c  f o r  a c c e p t a b i l  i t y ,  f i g .  5 .  

T h i s  d i i u t i o n  can be t r a n s l a t e d  i n t o  d c s i q n  terms i f  t h e  o f f i c e  p o p u l a t i o n  

i S l a r g e .  Numbers o f  peo?lc  ove r  a  hundrcd a r e  expected t o  behave l i l<e  a  

c r o s s - s e c t i o n  o f  a nori-r~al p o p u l a t i o n .  Average es t ima tes  o f  c i g a r e t t e  

consumption a r e  then  v a i  i d .  The most severe problern I S when two peop le  a r e  i n  an 

o f f i c e  and one may be a non-snnker and t h c  o t h e r  a heavy smoker. The 

recomniendc!d des ign  procedure f o r  smal l  o f f i c e s  must t h e r e f o r e  be a  f l e x i b l e  on? 

such t h a t  sornc ai i justnier l t  o f  i n d i v i d u a l  o f f  i c e s  i S used t o  meet t h e  needs o f  thc  

d i f f e r e n t  occupants  d u r i n g  t h e  l i f c  o f  t h e  b u i l d i n g .  

The v e n t i l a t i o n  recornmendations f o r  rooms c o n t a i n i n g  smokers a r e  a l s o  

summarised i n  f i g .  4 .  Over t w i c e  t h e  f r e s h  a i r  i s  needed f o r  smokers compared 

with t h a t  necessary  t o  d i l u t e  body odours.  

6 .  M o i s t u r e  c o n t r o l  

Hum id i t y  a f f e c t s  t he  sensa t i on  o f  warmth. T h i s  i s  p a r t i c u l a r l y  impor tan t  

i n  ho t  c l  irnates where evaporat  i v e  coo l  i ng i s essent  i a l  . A t  normal comfo r t  

tempera tu res  the  thermal  e f f e c t  o f  h u m i d i t y  i s  sma l l .  Recen t l y  M c l n t y r e  and 

9 Grif f  i t h s  1973 c x p l o r e d  o t t e r  e f f e c t s  o f  h u m i d i t y  such as  dryness and 

p leasan tness .  They found t h a t  people  were s e n s i t i v e  t o  non-thermal e f f e c t s  o f  

h u m i d i t y  and p r e f e r r e d  a  50% r e l a t i v e  h u r r ~ i d i t y  c o n d i t i o n  t o  one a t  e i t h e r  ext reme.  

Floi s t u r e  c o n t r o l  can be ach ieved  by f r e s h  a i r  d i l u t i o n ,  p r o v i d i n g  t h e  m o i s t u r e  

con ten t  o f  t h e  ou tdoor  a i r  i s  lower  than  t he  des ign  c o n d i t i o n  indoors .  For  most 

o f  w i n t e r  t h e  o ~ l t d o o r  a i r  i s  app rox ima te l y  30-100% s a t u r a t e d  w i t h  water  vapour 

( ~ e s p  1973)1° ,  f i g .  6 .  T h i s  means t h a t  t h e  a c t u a l  m o i s t u r e  con ten t  o f  a i r  can 

be expressed i n  terms of  ou tdoor  temperature.  I n  c o l d  weather t h e r e  w i l  l be a 



crrisl  1 slno\riit o f  m(si stu l -e  p resen t  i n  t h c  outdoor  a i r  which w i l l  i n c rease  w i t h  

i i i c r e a r i n g  tc:,lpc't-atui-e. I f  autcloor a i r -  i s  u s e d  t a  reduce :he r-elat i v c  hurri;cJ i ~ \ i  

i n  a room t l icr i  t i i i ~  can b c  act l ieved e i t h e r  Is? a smal l  amount o f  a i r  i n  c o l d  

\dcntl,er 01- a much 121-qcr ariioulit i n  m i  l d  weather .  

The nloi s t u r e  r e l e a s e  frn~n people th rouqh  r e s p i r a t i o n  a'nd p c r s p i  r a t i o n  i s  

we1 l e s t a b l  i shed p h y s i o l o g i c a l  l y .  I n  nornial c i rcumstances a  heal  t h y  70 kq rrian 

work ing  i n  a temperate c l i m a t e  l oses  app rox ima te l y  4009 c f  m o i s t u r e  a  day frum 

t h e  l uvgs  and a fc t . the i -  5 0 0 9  t h rough  t h e  s k i n  i . e .  app rox ima te l y  30g/Ii d u r i n q  

s l eep  and 40g/h w h i l e  awa1\e. Mo i s tu re  r e l e a s e  f rom o t h e r  sources i n  a  housc 

1 1  
a r e  l e s s  wcl l d e f i n e d .  Smi th  arid c o l  leagues 1948 measured the nioi s t u r c  

r e l eased  f r om 2 wide v a r i e t y  o f  c lo~nest ic  j o b s .  C lo thes  d r y i n q  was t h e  b i q g r . ~ i  

s i n g l e  i t em  which coulcl r e l ease  1 7  kg o f  water  vapour f rom t h e  f a n l i l y  wash. 

Moi s t u r c  f rom people  was  t he  secorld l a r g e s t  source and cook ing,  p a r t i c u l a r l y  i f  

on a gas cooker ,  was t h i r d  w i t h  2 kg per  day. Others  have made e s t i m a t e s  o f  

l i k e l y  d a i l y  loads  w i t h  7 kg be ing cons idered  a  t y p i c a l  d a i l y  f a m i l y  q u a n t i t y  

Co~npari son of v a r i o u s  a u t h o r s '  es t ima tes  a r e  shown i n  T s b l s  2 .  

The minimum v e n t i l a t i o n  requ i rements  f o r  h u m i d i t y  c o n t r o l  a r e  shown i n  

f i g u r e  7 .  I t  i s  ve r y  s e n s i t i v e  t o  t h e  ou tdoor  h u m i d i t y  which i n  t u r n  i s  a  

f u n c t i o n  of ou tdoo r  tempera tu re .  These minimum requ i rements  o n l y  dedl  w i t h  

persona l  m o i s t u r e  r e l e a s e .  I n  p r a c t i c e  two o r  t h r e e  t imes  t h i s  arnount i s  

necessary .  

The human f a c t o r  o f  c o r r e c t  h u m i d i t y  f o r  comfor t  i s  t h e r e f o r e  t h e  major 

r r i o t i va t i on  i n  d e r e r ~ n i n i n g  t h e  window opening behav iour  o f  people  i n  m i l d  wea thc r .  

7 .  Summer c o o l i n q  
A 

The magnitude o f  s o l a r  r a d i a t i o n  on  t h e  windows o f  a b u i l d i n g  i s  surnmarised 

i n  Tab le  3  asne nett 137.5). S ince a t y p i c a l  house has some twen ty  square 

metres o f  winclows we can see t h a t  t h e  s o l a r  g a i n s  can e a s i l y  l ead  t o  overhea t ;n i j  

i n  we1 l i n s u l a t e d  houses w i t h  sou th  f a c i n g  windows. C S T B  19.5g20 recommends 

2 1 
smal l windows i n  warm p a r t s  o f  France and more r e c e n t l y  Bore1 1974 has proposed 

a two season v e n t i l a t i o n  system where w i n t e r  v e n t i l a t i o n  dea l s  w i t h  hyg iene and 

a h i g h  a i r  change s u m c r  v z n t i l s t i o n  system p r o v i d e s  c o o l i n g .  



3 ,  ic,15cl uc,ic,nc, -- 

Three v e ! ~ l i l s t i o ; ~  scasuns  occu r ,  f i g .  8 .  7t1c f i r s t  i s  t t l e  c o l d p s t  vjeattier 

1 wt-icre 3 c e r t a i n  : : ~ i n i n m  v c n t i  l ; l t i o n  r a t e  i s  ricetled f o r  accep tab le  body odnur 

d i1u t io : i .  The second i s  t h e m i l d  w i n t e r  weather wliere t he  v e n t i l a t i o n  w i l l  b e  

determined b y  t h e  m o i s t u r e  con ten t  o f  t h e  o u t s i d e  a i r .  T h i s  rnoi s t u r e  burden 

p r o v i d e s  t h e  r ~ o t i v s t i o n  Tor t h c  s y ~ t e m a t i c  way i n  which t h e  housewife opens 1li.r 

windows, Thc t h i r d  season i s  sunnier coo l  i ng .  T h i s  i s  p a r t i c u l a r l y  imporrant  

i n  w e l l  i n s u l a t e d  bouses. 

Smokers pose a s p e c i a l  prnb lcm p a r t i c u l a r l y  i n  smai l  o f f i c e s  and a f l e x i b l e  

npproach t o  t-oom ven t  i i a t  i on  i S urged i n  these  c i  rcumstances. 

Now t h a t  f a b r i c  i n s u l a t i o n  i s  improv ing,  t h e  nex t  s t e p  must be c o i ~ t r o l  l e d  

v e n t i  l a t i o n .  
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A i r  changes/hour 

II 
/'li;Calculated f a r  Sronl ley t r i  

o u t s i d e  temperature 

F i g .  1 Air change r a t e  a t  Abbots Langley 

a l s  



Number o f  roorqs L I ~  t h  
an open window 

outdoor ternperaturc 

F i g .  2 Window opening behaviour a t  Connahs Quay 1974/1975 







ca I- bon rnorlox i de Spp~n--~e 

3 p a r t  i c u l a t e s  10rng/ni 

a c r o l e i n  O.lppm 

carbon monoxide Fpprn- 

3 d i l u t i o n  ri / c i g a r e t t e  

c&- * f i r s t  s n i f f  

accep tab le  ( d r y )  

acceptable.  

smoke haze v i s i b l e  

* accep tab le  appearance 

F i g ,  5 C r i t e r i a  f o r  c i g a r e t t e  smoke d i l u t i o n  





3 F r e s h  a i l -  m /h/per.son 

6 0  c m  

* 

15 

1 7 ' ~  indoor 

40g/h rno i s t  u re  

0  P 

0 5 10 15 
0 outdoor  temperature C 

F i g .  7 F r e s h a i r  needed f o r  humid i ty  c o n t r o l  





-rnl,lr? 1 k ! c > l l i l r l \ l  :jvel-ag,!r!s i o r  w e s t l ~ ~ r  ;~n!l w i r i d n w  opening.  
---. . .--. . - . . . - .- - -.,l ---- - . . . i 9.j) + ;,7T5-.---- -*.--.----v- -. 

C ~ r i i l ~ l i - ~ : i  $u;lS/ -.--- ---- -- 

- 
/\,vcragc 
h[!181 i d i t y 
g/k<l d r y  
a i r  

Average 
cJai l y  
t erlip . 

-.p 

Avernqe 
w i n d  
speed 

m/ s 

Aver acle 
c l oud 
cover  r n n l  

( o v e r c a s t  - 1 )  



T a b l e  2 Moi s:ui-e qc,nc\-<lt i o n  r o t c s  i n  h o ~ ~ s e s  
-..p- 

.--l__--- 

Act i v i  t y  

I t Loudon 1971 
1 4  

U SA France U SA Fng l and 
l 

l 

l 

, -- ---*-- - 
i Family s i z e  4 .  4 
1 l 

5 

Pcrsonal evapora t ion  l 

a per hour 
l 

I per day 

1 c lo thes  washing 2 kg 
i 

C1c:thes d r y i n g  12 kg/wccl; 

washing i 

5 I l I 
F l oo r  mopping ' rrvl kg 1 1 . 1  l - l 

- 

l 
i Cooking 
I Breakfast  

i 

1 Lunch 
I 

per k i t chen  ; I l 
! 

I Dinner 

-I-- 

I 
---?-- .., 

i , l 

Baths 

Shower 

Tub 

p l a n t s  

D a i l y  q u a n t i t y  25 kg washda 

11.4 kg av.  

(gas) 

10 kg l i g h t  " 21.9 washday 14.4 washday 

26 kg medium 7.9 kg o r d i n a r y  7 .2  average 

43 kg heavy 

3 fl c a l c u l a t e d  f o r  216m d w e l l i n g  based on re lease ra tes  o f  2g/h, 5g/h and 8g/h 

Conk l i n ' s  data quoted i n  HMSO 1970 appears t o  be from Smith 's  s tudy,  

*42% f rom food, 58% f rom gas cooker 



T a b l e  3 S o i a r  r a d i a t i o n  on v c r t i c a l  s u r f a c e s  - ---- .----.. ----- -.--- --F ---..- 

7 p------ W v- -P -I_( 

2 
Maximum s o l a r  r a d i a t i o n  f a l l i n q  on v e r t i c a l  s u r f a c e s  kMh/m / d a y  1 

---p- ---- ---W- 

F a c i  nq 

January  1 5 t h  

---I-- 

----- 

I 

---v- 

---_C.--.- ---- 

p-- -- -- 
October 15 th  

Nove~nbcr 15th 

December 15 t h 


