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V e n t i l a t i o n  r a t e s  i n  b u i l d i n g s  hav ing  r e c i r c u l a t i n g  a i r  d i s t r i b u t i o n  
systems can be c o n t i n u o u s l y  mon i to red  by i n j e c t i n g  a  t r a c e r  gas i n t o  t he  
supply  and measur ing i t s  c o n c e n t r a t i o n  i n  t h e  r e t u r n  a i r ,  T h i s  method has 
been s u c c e s s f u l l y  used i n  two houses. I n  one, which had a s o l i d  conc re te  
ground f l o o r ,  normal windows and a i r  b r i c k s  t o  supp ly  cornbustinn a i r ,  
v e n t i l a t i o n  r a t e s  were m a i n l y  dependent on windspeed. i n  t he  o t h e r ,  which 
Iiad a  suspended t imber ground f l o o r  and w e a t h e r s t r i  pped \ / indows,  v e n t i  l a t  i o n  
r a t e s  were much lower and ma in l y  dependent on t h e  i n t e r n a l  t o  e x t e r n a l  
temperature d i f f e r e n c e .  There was a l s o  a  seasonal d i f f e r e n c e  i n  t h i s  house 
when v e n t i l a t i o n  r a t e s  measured i n  October were about one t h i r d  l e s s  than  
those measured i n  J u l y .  



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

A c c u r a t e  measurements o f  v e n t  i l a t  i o n  r a t e s  u s i n g  a  t r a c e r  gas depend on 
good m i x i n g  o f  t h e  gas i n t o  t h e  a i r  i n  t h e  b u i l d i n g .  I n  b u i l d i n g s  h a v i n g  
f u l l  a i r  d i s t r i b u t i o n  systems good m i x i n s  can be ensured b y  i n j e c t i n g  t h e  gas 
i n t o  t h e  a i r  i n  t h e  b u i l d i n g ,  p r e f e r a b l y  n e a r  t h e  f a n .  Measu r ing  t h e  
c o n c e n t r a t i o n  o f  t h e  gas i n  t h e  r e t u r n  a i r  means t h a t  i t  i s  measured f o r  a  
r e p r e s e n t a t i v e  sarnple o f  t h e  a i r  i n  t h e  b u i l d i n g .  

Any a i r  d i s t r i b u t i o n  sys tem can be used,  h e a t i n g ,  v e n t i l a t i n g  o r  a i r  
c o n d i t i o n i n g .  The p r o p o r t i o n  o f  a i r  r e c i r c u l a t i n g  t o  f r e s h  a i r  e n t e r i n g  t h e  
b u i l d i n g  e i t h e r  by i n f i l t r a t i o n  o r  by d u c t s  does n o t  m a t t e r .  T e s t s  made i n  
b u i l d i n g s  when t h e y  a r e  unoccup ied  can use ca rbon  d i o x i d e  as  t h e  t r a c e r  gas.  

2 .  T h e o r y  

The t h e o r y  i s  r e l a t i v e l y  s i m p l e  and bascd on t h e  ~ s s u n i p t i o n  t h a t  t h e  t r a c e r  
gas ,  ca rbon  d i o x i d e  ( ~ 0 ~ )  i n  t h i s  case ,  i s  u n i f o r m l y  m ixed  t h r o u g h o u t  t h e  b u i l d i n g  
as i n  t h e  i l l u s t r a t i o n .  

f r e s h  a i r  i n  a t  r a t e  V 
w i t h  normal  C02 a t .  ___I_$ 
c o n c e n t r a t i o n  c f  

a d d i t i o n a l  C02 as t r a c e r  
gas i n t r o d u c e d  t h r o u g h  ai,c 
d i s t r i b u t i o n  sys tem a t  r a t e '  v 

a i r  p l u s  t r a c e r  gas 
> l o s t  a t  r a t e  V + v 

a t  c o n c e n t r a t i o n  c  

F r e s h  a i r  w i t h  a  C O 2  c o n c e n t r a t i o n  o f  c f  e n t e r s  t h e  b u i l d i n g  a t  a r a t e  o f  
V .  The t r a c e r  gas i s  supp l  i e d  a t  t h e  r a t e  v ,  and assuming p e r f e c t  m i x i n g  i t s  
s t e a d y  s t a t e  c o n c e n t r a t i ~ n  wi i l be un i fo l -m  t h r o u g h o u t  t h e  b u i l d i n g  a t  c .  A i r  
t h e r e f o r e  l eaves  t h e  b u i l d i n g  a t  t h e  r a t e  V + v  and c o n c e n t r a t i o n  c .  

E q u a t i n g  t h e  i n p u t  and o u t p u t  o f  ca rbon  d i o x i d e  g i v e s :  

normal  l y  c  <<l and then  

Exanipl e  

C02 f l o w  r a t e  v = 0 .05  l / s  

measured c o n c e n t r a t i o n s  i n t e r n a l l y  c  = 0 . 1 %  

i n  t h e  f r e s h  a i r  c f  = 0 .03% 



1-0 .001  3 
Then V = 0 O S  ( )I000 YO(*) = 71 3 6  , / S  o r  257 m  / h  

No te .  When a non -a tn iospher i c  t r a c e r  gas i s  used ,  such as n i t r o u s  o x i d e  N Z O ,  - 
t h e n  c f  0  and t h e  e x p r e s s i o n s  f o r  V s i n ip l  i f y  t o :  

3 .  Houses t e s t e d ,  a p p a r a t u s  and p r o c e d u r e  - 

The houses t e s t e d .  The t e s t s  were  c a r r i e d  o u t  i n  t h e  tlko houses shown i n  
f i g u r e  1 . B o t h  a r e  r e p r e s e n t a t i v e  o f  p r e s e n t  day c o n s t r u c t i o n  and s i z e ,  
a l t h o u g h  t h e  E C R C  t e s t  house i n  h a v i n g  ~ h e a t h e l - s t r i p p e d  windowsl i s  r a t h e r  w e l l  

7 
s e a l e d .  T h e y i l e r e  chosen b e c a u s e o f  t h e i r  e x t e n s i v e d u c t e d  a i l -  d i s t r i b u t i o n  
sys tems,  n e a r l y  m e e t i n g  t h e  i d e a l  o f  h a v i n g  a i r  s u p p l i e s  i n t o  e v e r y  room t o  
ensure  good m i x i n g  and t e s t  a l l  sou rces  o f  i n f i  l t r a t i o n .  I n  b o t h  houses a i r  
was n o t  s u p p l i e d  t o  t h e  bathrooms o r  W C ,  and i n  t h e  p r i v a t e  house t h e  s m a l l e s t  
bedroom was w i t h o u t  a  s u p p l y  g r i  l l e .  l t was i m p o r t a n t  t o  keep d o o r s  t o  t h e s e  
rooms w i d e  open d u r i n g  t e s t s  t o  o b t a i n  good a i r  m i x i n g .  The p o s i t i o n  o f  t h e  
o t h e r  i n t e r n a l  d o o r s  was n o t  so  c r i t i c a l  s i n c e  t h e  methods o f  r e t u r n i n g  t h e  
a i r  t o  t h e  h e a t e r s  ensu red  adequa te  a i r  passages between rooms. 

On t h e  E C R C  t e s t  house t h e  d u c t i n g  i n  t h c  l o f t  and under  t h e  f l o o r  was 
s e a l e d  t o  m i n i m i z e  a i r  l eakage  and t h e r e f o r e  h e a t  l o s s e s .  The systeri i  was 
n o t  used f o r  h e d t i n g  d u r i n g  t h e  v e n t i l a t i o n  t e s t s  so t h e  f a n  was r u n  a t  a  
IOW speed t o  reduce t h e  a i r  l e a k a g e  even f u r t h e r .  I n  t h e  p r i v a t e  housc t h e  
i n t e r n a l  s t u b - d u c t  sys tem d i d  n o t  need such  t r e a t m e n t .  

A p p a r a t u s .  The t r a c e r -  gas i n j e c t  i o n  and s a n ~ p l  i ng  a p p a r a t u s  i S shoi\~n i n  f i g u r e  2 - 
and was used t o  d e t e r m i n e  t h e  v e n t i l a t i o n  r a t e  i n  t h e  two houses.  The t r a c e r  
gas f l o w  r a t e  needed depends upon t h e  v e n t i  l a t  i o n  r a t e  and t h e  t r a c e r  c o n c e n t r a t  i o '  
l e v e l s  w h i c h  can be nieasured \ t ~ i t h  t h e  a p p a r a t u s .  The r a t e o f  0 .05  l / s  used i n  
t h e  above example i s  s u i t a b l e  f o r  unoccup ied  houses,  and c o r r e s p o n d s  t o  a 
consumpt ion  o f  abou t  0 . 3  kg /h  o f  ca rbon  d i o x i d e .  

The v a l v e  ar rangement  shown i n  f i g u r e  2 e n a b l e s  t h e  c a r b o n  d i o x i d e  
c o n c e n t r a t i o n  t o  be  measured i n  t u r n  i n  t h e  atmosphere and i n  t h e  r e t u r n  a i r  
f r o m  t h e  house.  I n  a d d i t i o n  t h e  z e r o  o f  t h e  a n a l y s e r  i s  e a s i l y  checked by  
d r a w i n g  a i r  t h r o u g h  t h e  C02 a b s o r b e r ,  The c a l i b r a t i o n  can a l s o  be checked 
u s i n g  a  m i x t u r e  o f  an a c c u r a t e l y  known c o n c e n t r a t i o n  o f  C02 i n  a i r ,  h e r e  i n  t h e  
range 0.055% t o  0.065%. 

P e o p l e  c o u l d  n o t  remain  i n  t h e  houses when measurements were  i n  p r o g r e s s  
s i n c e  t h e y  e x h a l e  C O 2 .  They t h e r e f o r e  remained o u t s i d e  w i t h  t h e  a p p a r a t u s ,  and 
sampled t h e  house a i r  r e m o t e l y  t h r o u g h  tubes .  

An average i n t e r n a l  house t e m p e r a t u r e  was o b t a i n e d  by  measur i  ng t h e  
t e m p e r a t u r e  o f  t h e  r e t u r n  a i  r u s i n g  a  the rmocoup le .  E x t e r n a l  t e n ~ p e r a t u r e s  were 
measured i n  a Stevenson s c r e e n  a t  t h e  E C R C  t e s t  house,  and l o c a l l y  u s i n g  a t b c r n o -  
c o u p l e  a t  t h e  p r i v a t e  house. Windspeeds were measured o n l y  a t  t h e  E C R C  s i t e  and 

3.  



t h e s e  speeds,  averaged o v e r  t h e  house i m m e d i a t e l y  p r e c e d i n g  t h e  t e s t  and taken  
t o  be t h e  sane a t  t h e  p r i v a t e  house 8 km away. 

1 1 1  j e c t  i o n  and sarqpl i ng 
upstresrr l  o f  t h e  f a n  so 
The samp l i ng  p o i n t  f o r  

t u b e  p o s i t i o n s .  The c a r b o n  d i o x i d e  was i n j e c t e d  j u s t  
v--- 

t h a t  i t  was t t ~ o r c . u g t ~ l y  n i i xcd  w i t h  t h e  r e c i r c u l a t i n g  a i r .  
nicasur- i n g  t h e  c o n c e n t r ~ ~ t  i o n  i n  t h e  r e t u r n  a i  r w a s  upstreani  

o f  t h e  i n j e c t i o n  p o i n t ,  buL downstream o f  t h e  l a s t  r - e t u r n  a i r  g r i l  l c .  The 
s u p p l y  and sanipl i ncl t ubes  were about  l O n i n 1  o u t s i d e  d i a n l e t e r ,  and c o n v e n i e n t  
1)osi t i o n s  f o r  t l l c i  r e i i t r -y  i n t o  t h e  h o i ~ s c s  fro171 ? l ie  gsr.ages wdre f o u n d ,  iri t h e  
case o f  t h e  p r i v a t e  house t h i s  was t h r o u g h  t h e  a i r  b r i c k  (a )  i n  f i g u r e  2.  

The a tmospher - ic  sarnpl i n g  t u b e  was niounted i n  a c o n v e n i e n t  p o s i t  i o n  above 
t h e  ground and a  f e w  me t res  f r o m  t h e  house o n  t h e  w indward  s i d e .  I t  was t h e r e -  
f o r e  nioved abou t  a c c o r d i n g  t o  t h e  d i r e c t i o n  o f  t h e  w i n d .  

P rocedure .  On s t a r t i n g  a s e r i e s  o f  t e s t s  t h e  ca rbon  d i o x i d e  was s u p p l i e d  a t  t h e  
nlaximum Fa te  throclgh t h e  f l o w  m e t e r  f o r  a b o u t  t w e n t y  m i n u t e s  t o  b u i l d  u p  t h e  
c o n c e n t r a t  i o n  q u i c k l y .  Then t h e  f l o w  was s e t  back and two h o u r s  o r  niore 
a1 lowed f o r  t h e  f l o w s  and c o n c e n t r a t  i ons  t o  s e t t l e  b e f o r e  t a k i n g  measurements. 

Measurements were  g e n e r a l l y  made a t  h o u r l y  o r  h a l f - h o u r l y  i n t e r v a l s .  The 
z e r o  and c a l i b r a t i o n  o f  t h e  a n a l y s e r  was checked each t i m e  b e f o r e  measur ing  t he  
c o n c e n t r a t  i ons  i n  t h e  house and a tmosphere .  I n t e r n a l  and e x t e r n a l  ten ipera t r l res  
were  measured a t  t h e  same t i m e ,  o r  inore f r e q u e i : t l y  i f  t h e y w e r e  chang ing .  T h i s  
was se ldom needed because i n t e r n a l  l y  t h e r e  was e i  t h e r  no h e a t i n g ,  o r  i t  was 
c o n t r o l  l e d  by t l ierniosta:.  E x t e r r ~ a l  te r r ipera tures  d i d  r io t  o f t e n  change much o v e r  
t h e  p r e c e d i n g  h o u r ,  so t h e  ave rage  was t a k e n .  Average winds'pecds w e r e  r e c o r d e d  
a t  t h e  E C R C  t e s t  house.  

4. R e s u l t s  and d i s c u s s i o n .  

Thc r e s u l t s  a r e  g i v e n  i n  t a b l e  1 and f i g u r e s  3a ~ n d  3b.  I n t e r n a l  d o o r s  
were open d u r i n g  these  t e s t s ,  b u t  e x t e r n a !  doo rs  dnd wiridows were i n  t h e i  r  nor-mal 
c l o s e d  p o s i  t i o n s .  

The f i r s t  s i g n i f i c a n t  f i n d i n g  i s  t h a t  t h e  v e n t i l a t i o n  ra t :  ( V )  i s  d e p e n d m t  
m a i n l y  on w indspeed (W)  i n  t i l e  p r i v a t e  house,  b u t  i n  t h e  E C R C  t e s t  house i t  i s  
dependent  m a i n l y  on t h e  i n t e r n a l  t o  e x t e r n a l  t en ipe ra tu re  d i f f e r e n c e  ( A T ) .  The 
f o l l o w i n g  r e s u l t s  o f  r e g r e s s i o n  a n a l y s e s  slio\u t h i s :  

P r i v a t e  house C o r r e l a t i o n  c o e f f i c i e n t  

E C R C  t e s t  house - J u l v  

ECRC t e s t  house - Oc tobe r  - 

3 U n i t s  a r e  V ni / h ,  W m/s and AT K. 



The c o r r e l a t i o n  c o e f f i c i e n t  u s i n g  t h e  b e t t e r  v a r i a b l e  exceeds 0.9. I n c l u s i o n  
o f  t h e  second v a r i a b l c  g i v e s  n c g l  i g i b l e  i inpr-ovcment: 

P r i v a t e  house - C o r r c l a t i o n  c o c f f i c i c n t  

E C R C  t e s t  house - J u l ~  

I 

E C R C  t e s t  house - Oc tobe r  
--p 

The second s i g n i f i c a n t  f i n d i n g  i s  t h e  l ower  v e n t i l a t i o n  r a t e  i n  t h e  E C R C  
t e s t  house i n  O c t o b e r ,  by  abou t  1 / 3 ,  compared wi 'ch t h e  r e s u l t s  i t 1  J c l l y ,  see 
f i g u r e  3b. 

B o t h  t h e s e  f i n d i n g s  can be e x p l a i n e d  by c o n s i d e r i n g  t h e  a i r  i n f i l t r a t i o n  
r o u t e s .  F i r s t  t h e  p r i v a t e  house has an i m p e r v i o u s  c o n c r e t e  f l o o r ,  b u t  
unweat1iers:ri pped windows and a i  r S r i  cks  p r e s e n t i n g  open ings  t o  t h e  w i n d .  The 
E C R C  house has w e a t h e r s t r i p p e d  windows and no a i r  b r i c k s  and so i s  r - e l a t i v c l y  
w e l l  s e a l e d  a g a i n s t  t h e  w i n d ,  b u t  i t  has a  suspended wooden f l o o r  wh ich  makes i t  
re1 a t  i v e l  y  l e a k y  t o  buoyancy f o r c e s  and hence teinpel-atul-c d i f f e r e n c e  AT,  

The e x p l a n a t i o n  o f  t h e  second f i n d i n g  i s  t h e  change o f  gap s i z e  t h r o u g h  
wh ich  a i r  i n f i l t r a t e s ,  f r o m  J u l y  t o  O c t o b e r .  I n  J u l y  t i m b e r  i s  d r i e r  t han  i n  
Oc tobe r  and t h e r e f o r e  gaps a r e  l s r g e r  between windo1.4 and doo r  fr-anics and \.,a1 l S ,  

and a round  j o i s t s  r e s t i n g  on w a l l s .  

I n  a l l  cases t h e r e  a r e  s i g n i f i c a n t  intercepts i n  t h e  g raphs  and r e s i d u a l s  
i n  t h e  cc jua t ions  even \ % ~ t ~ e n  b o t h  v a r i a h l c s  a r e  i n c l u d e d .  T h i s  c o u l d  mean th,lt 
t h e r e  a r e  more fac.tor-s t h a n  ave rage  windspeed ( i d )  al id ave rage  t c n i p c ~ - ~ > t u r e  
d i f f c t - e r i c c  (AT)  pr-oniot i n y  v e n t  i l a t i c t i ,  and ,]l  sc er-1-01-5 i n  t h e  messurcrncnts.  

O v e r a l l  t h e  E C R C  t e s t  house i s  s i g n i f i c a n t l y  b e t t e r  s e a l e d  th i i n  t h e  p r i v s t e  
one.  For. example on  a  w i r i t z r  day w i t h  W = 4 m/s and AT = 141(, t hen  t h e  
v e n t i l a t i o n  r a t e s  3 r r :  

P r i v a t e  house 

u s i n g  W and AT 44.7 + 20.9 x 11 + 4 . 3  X 1 4  r 189 m'/h 
" \J on1 y  = 165 m3/h 

E C R C  house 1 4  ( ~ c t o b e r  c o r r e l a t i o n )  

u s i n g  W and AT 30 + 2 . 7  x 14 + 1 . 5  x 4 = 7 4  rn3/h 
" A T  o n l y  = 73 rn3/1i  

The p r i v a t e  house has under  t h e s e  t y p i c a l  c o n d i t i o n s ,  w i t h  a l l  windor.qr; c l o s e d ,  
a v e n t i l a t i o n  r a t e  t h a t  i s  q u i t e  h i g h ,  a t  abou t  one a i r  change p e r  hou r ,  and n e a r l y  
t h r e e  t i m e s  t h e  E C R C  house. 



5 .  Conc lus  i o n s  -- 
1 .  A method o f  a c h i e v i n g  good m i x i n g  o f  t h e  t r a c e r  gas f o r  v e n t i   ati ion 
measurements i s  t o  i n t r c d u c e  t h e  gas i n t o  an  a i  r d i s t r i b u t i o n  systeni.  
A n a l y s i n g  i n  t h e  r e t u r n  ensu res  r e p r c s e n t ~ ~ t  i v e  b u l k  sarnpl i n g .  

2.  The method has been used i n  unoccup ied  houses u s i n g  c a r b o n  d i o x i d e  
as t h e  t r a c e r  gas and has shown: 

( a )  i n  a  house h a v i n g  a s o l i d  c o n c r e t e  ground f l o o r ,  nornia l  windows 
and a i  r. h i - i c L s ,  v e n t  i l a t  i o n  r a t e s  a r e  m a i n l y  deperidei i t  on  \ . ~ i r i d -  
speed . 

(b )  I n  a  house w i t h  suspended wooden f l o o r  and w e a t h e r s t r i p p c d  
~iirido;?is v e i i t i l s t i o r i  r a t c s  a r e  r i a i n l y  dependent  on i n t c ~ + r l a l  t o  
e x t e r n a  l t e m p e r a t u r e  d i f f e r -ence .  

( c )  A seasonal  d i f f e r e n c e  has been fou l i d  f o r  t h e  house i n  (b )  w i t h  
t h e  n a t u r a l  vent  i l a t i o n  r a t c  5 0 %  h i g h e r  i n  J u l y  t h a n  i n  O c t o b e r .  
The e x p l a n a t i o r ~  i s  t h e  l a r g e r  gaps I ~ e i w e e n  t i r n l j e r  and b r i c k  when 
t h e  t i m b e r  i s  d r i e r  i n  J u l y  t h a n  i n  O c t o b e r .  

( d )  Ur-~der a  t y p i c a l  w i n t e r  h e a t i n g  c o n d i t i o n  t h e  n a t u r a l  v e n t i l a t i o n  
r a t c  f o r  t h e  house i n  ( b )  i s  abou t  7 5  n13/11 co~nparcd  w i t h  18C m 3 / h  
f o r '  t h e  house i n  ( a )  . 
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Table 1 Measured resul t s  f o r  t h e  t h r e e  s e r i e s  of t e s t s  . 
In terna l  doors were open,  b u t  a l l  ex terna l  doors a n d  windows were i n  t h e i r  
normal closed p o s i t i o n s .  



T a b l e  1 continued' 



E C R C  Tes t  House 1 4  

Heat i ng system: 

House 
c o n s t r u c t  i on  : 

Vent i l a t i o n  
open i ngs : 

W i ndows : 

Doors : 

Fron t  

2 
Semi-detached, 85m f l o o r  area,  5 person,  3 bedroomed. 

Back 

ducted warm a i r ,  r unn ing  i n  l o f t  t o  a  c e i l i n g  d i f f u s e r  i n  each bedroor  
ups ta  i rs,  and under t h e  f l o o r  t o  a  pe r ime te r  g r i  l l e  doidnstai r s  , 
i n  the  h a l l ,  lounge and k i t c h e n / d i n e t t e .  Stub duct  
r e t u r n  f rom two o f  t he  bedrooms, l and ing ,  h a l l ,  lounge and d i n e t t e .  

b r  i c k / c a v i t y / b l o c k  e x t e r n a l  wa1 l S ,  wet p l a s t e r e d ,  suspended wooden 
ground f l o o r  w i t h  p l a s t i c  f l o o r  t i l e s  i n  t he  k i t c h e n  and f i t t e d  
ca rpe t s  elsewhere. 

no s p e c i f i c  v e n t i l a t o r s ,  a i r  b r i c k s  o r  e x t r a c t  fans  ( t h e  r i d g e  
v e n t i l a t o r  i s  f o r  t h e  s o i l  ven t  p i p e ) .  

metal  framed i n  t i m b e r  subframes, a l l  opening l i g h t s  wea the rs t r i pped .  

wooden i n  wood,frames, n o t  wea the rs t r i pped .  

Back 

2 
P r i v a t e  House Detached, 80m f l o o r  a rea ,  5 person,  3 bedroomed. 

Hea t i ng  system: s t ub  duc t  e n t i r e l y  i n t e r n a l ,  gas f i r e d ,  supp ly  g r i l l e s  i n  two o f  t he  
bedrooms and l a n d i n g  u p s t a i r s  and i n  the lounge, d i n i n g  room and 
k i t c h e n .  Return th rough  t h e  house, 

Hou S e  b r i c k / c a v i t y / b l o c k  and t i l e s / c a v i t y / b l o c k  w a l l s  wet p l a s t e r e d ,  s o l i d  
c o n s t r u c t i o n :  concre te  f l o o r ,  p l a s t i c  f l o o r  t i l e s  i n  k i t c h e n ,  f i t t e d  ca rpe t s  

e l  sewhere. 

V e n t i l a t i o n  a i r  b r i c k  t o  k i t c h e n  cupboard ( a ) ,  a i r b r i c k  f o r  combust ion a i r  ( b ) ,  
open i ngs : k i  tcken e x t r a c t  fan ( c )  , f l u e  (d) . 
Windows and wooden, no t  w e a t h e r s t r i p p e d  
doors : 

F igu re  1 The two houses sub jec ted  t o  t he  v e n t i l a t i o n  t e s t s  



t r a c e r  gas (COZ) l 
f l o w  mete r  I 
C O 2  supp ly  

c y l  i n d e r  

1 1  I c a l i b r a t i o n  gas 

ID 

house samp l ing  
t u b e  

1 a tmospher i  c 
samp l ing  t u b e  

L C O  a n a l y s e r  
2 

F i g u r e  2 T r a c e r  gas i n j e c t i o n  and samp l ing  a p p a r a t u s  



( a )  P R 1  VA! F HOUSE- 

/ corrclaticn line o f  bes: 6 i t  
(cocff icient of 0 . 9 1 )  

/ equation: V = 7 6  + 2 3 . 4 W  

2 4 6 8 
Average windspeed (W) m / s  

E C K C  TCST t l O U S E  
---p- 

July results (J) 
correlation coefficicn: 0 . 9 4  
cquatlon V = 58.11 i 3 . 4 3  AT 

-- 
)-@'g 0 o o October results (0) > correlation coefficient 0.93 

equation V = 34.3 + 2 . 7 8  AT 

1 1 1 1 l l I I I I 
4 8 12 16 2 D 

J 

average Internal-extcrnsl temperature d i  fferencc (AT) K 

F i g u r e  3 ,  Measured r e s u l t s  and  t h e  r e s u l t s  f rom t h e  regress ion  
a n a l y s i s  


