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C h a p t e r  I - I n t r o d u c t i o n .  

- With in  t h e  framework of t h e  r e s e a r c h  on t h e  r e a l  ene rgy  u s e  f o r  t he  
h e a t i n g  of  houses ,  performed i n  s i t u  on 10 houses  i n  S e n e f f e ,  t h e  d e t e r -  
m i n a t i o n  O F  t h e  a i r  i n f i l t r a t i o n  i n  t h e  rooms of t h e s e  houses  was neces-  
s a r y .  F o r ' t h e  c a l c u l a t i o n  of t h e  t h e r m a l  b a l a n c e  and energy  use i t  is  
indeed  i n d i s p e n s a b l e  t o  a c q u i r e  a  p r e c i s e  knowledge of  t h e  r a t e  and e f f e c t  
of t h e  n a t u r a l  v e n t i l a t i o n .  

- I n  view o f  t h e  d i f f e r e n t  methods f o r  t h e  measurement a f  t h i s  n a t u r a l  v e n t i -  
l a t i o n  and t h e  knowledge a c q u i r e d  i n  o t h e r  r e s e a r c h  u n i t s ,  i t  was d e c i d e d  
t o  proceed a t  a  comparison between two measur ing methods : 

a j  t h e  method based on t h e  i .n f ra - red  a b s o r p t i o n .  
_ _ I - _ L - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - . ? - - -  

The Thermodynamics I n s t i t u t e  of t h e  U n i v e r s i t y  of L i g g e  has  beqn p e r f o r -  
ming t e s t s  w i t h  an a p p a r a t u s  of t h i s  t y p e ,  w i t h i n  t h o  framework 3f t h e  
r e s e a r c h  " ~ o n t r o l e d  Mechanical V e n t i l a t i o n  - IRSIA - 2260 I C  13 /7 " .  

The method used was based on t h e  i n f r a - r e d  a b s o r p t i o n  of  C02.  Within  
t h e  framework of t h i s  " S e n e f f e U - r e s e a r c h  and a f t e r  m o d i f i c a t i o n  of t h e  
a n a l y s e r  i n  view of e f f e c t i n g  measurements wi th  t h e  t r a c e r  gas  N20, t h e  
U n i v e r s i t y  of LiPge proceeded d u r i n g  t h e  month of  August 1976 a t  i n f i l t r a -  
t i o n  measurements i n  t h e  house n r .  O [ s e e  f i g .  7 . 1 1 .  Chap te r  3 of t h o  
p r e s e n t  p a r t  of t h e  r e p o r t  g i v e s  t h e  d e s c r i p t i o n  and t h e  r e s i l l t s ,  

b )  t ~ e ~ . r n e ~ h o d - b a s e d - o n - t h ~ ? ~ ~ _ a f : a ~ r n a g ~ ~ t I ~ ~ e ~ ~ e ~ ~ ~ ~ ~ ~ - ~ f - ~ ~ r ~ ~ ~ ! - ~ ~ ~ ~ ~ - - ~ ~ ~ ?  
as-oxygen: 

During a  s h o r t  p e r i o d ,  t h e  CSTC has  been a b l e  t o  perform some r e f e r e n c e  
t e s t s  w i t h  an a p p a r a t u s  of t h i s  k ind ,  which i t  had on loan  ( t e s t s  cr: 
house n r .  3 ,  s e e  f i g .  7 . 1 1 .  A f t e r  t h e s e  p o s i t i v e  e x p e r i e n c e s ,  t h e  C S T C  
has  hcen a b l e  t o  perform v e n t i l a t i o n  t e s t s  i n  SeneTfe d u r i n g  the  sunlmor 
o f  1975 ( t e s t  on house n r .  7 1 ,  

A l l  t h e s e  t e s t s  a r E  d e s c r i b e d  i n  c h a p t e r  2 of t h i s  r e p o r t .  

,Ch,3;itcr- 4 gi:::s c? d e s c r i p t i o n  of. t h e  coinparison b e t w e ~ n  t h e  t ~ o  t e s t  mcihods,  
dnd t r i c ; ;  I ; : ;  cx;?!.:in t h . 9  co;r,y!or,i t y  of tt;e r l a tu ra l  v e n t i l a t i o n  of a i k a l e  
h o u s e  
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ch 1 [charnbrel = room 1 

ch  2 = room 2 

ch 3 = room 3 

l i v i n g  = l i v i n g - r o o m  

c u i s i n e  = k i t c h e n  

SdB = bathroom 



Chapte r  I1 - T e s t s  performed by t h e  CSTC. 

11.1. P r i n c i p l e  of t h e  measur ing method. 

The measur ing is  based on t h e  para-magnet ic  q u a l i t i e s '  of oxygen. In 
t h e  room t o  be t e s t e d  an impor tan t  arnount of n i t r o g e n  is  r a p i d l y  i n j e c t e d  
i n  o r d e r  t o  r e d u c e  t h e  oxygen r a t a  i n  t h e  a i r  of t h e  room from 21% t o  
a b o u t  17%.  

Af te rwards  t h e  i n c r e a s e  of t h e  oxygen from 17% t o  21% th rough  t h e  add ing  
of f r e s h  a i r  i s  nioasursd. From t h i s  measurement t h e  a i r  r enewal  r a t e  o f  
the room i s  deduced.  

11.2. Apparatus .  

The t e s t s  were performed w i t h  an a p p a r a t u s  measur ing a t  each moment t h e  
oxygen r a t e  i n  t h e  room, based o n . i t s  pa ra -magne t i c  c h a r a c t a r i s t i c s ,  

One d i s p o s e d  a l s o  of a  s p e c i a l  c i r c u l a t o r  connected w i t h  t h e  a p p a r a t u s  
i n  o r d e r  t o  c o n s t a n t l y  renew t h e  g a s  volume measured and of mixing ven- 
t i l a t o r s  d i s p o s e d  i n  t h e  room t o  o b t a i n  a  homogenous m i x t u r e  mixed room 
a i r  - incorning f r e s h  a i r ,  

The measurements of t h e  oxygen r a t e  were c o n t i n u o u s l y  r e g i s t e r e d  on a  s i n g l e  
channe l  g r a p h i c  r e c o r d e r .  

11.3. Measurements. 

The t e s t s  were performed d u r i n g  t h e  summer of 76 ,  i n  t h e  houses  n r .  3 and 
7 [ s e e  f i g .  7 .11.  For  t h e s e  two houses ,  and i n  p a r t i c u l a r  f o r  house  n r .  7 ,  
most of t h e  rooms were t e s t e d  s e v e r a l  t i m e s  on d i f f e r e n t  days  i n  o r d e r  t o  
o b t a i n  r e s u l t s  w i t h  d i f f e r e n t  c l i m a t o l o g i c a l  s i t u a t i o n s .  

From each of t h e  t e s t s  ( 3 1  i n  t o t a l )  t h e  c u r v e  o f  t h e  oxygen d e c r e a s e  h s s  
been r e t r a n s f o r m e d  i n  a  s e m i - l o g a r i t h m i c  c u r v e .  

6' 

Some examples of t h e s e  c u r v e s  a r e  r e p r e s e n t e d  i n  f i g .  7 , 3  t o  7 . 6 ,  
Apar t  from t h e  number of t h e  t e s t ,  t h e  f i g u r e s  i n d i c a t e  t h e  house  i n  which 
t h e  t e s t  was performed [ e v e .  N3 f o r  house  n r .  31, and t h e  t e s t  room ( e . g .  
&T! f o r  room n r .  11. A s  f o r  t h e  numbering of  tile rooms s e e  f i g .  7.2.  

The f i g u r e s  of t h e  t e s t s  r e p r e s e n t  on t h e  a b s c i s s a  t h e d u r a t i o n  of t h e  t e s t  
i n  minutes  and on t h e  o r d i n a t e  t h e  d i f f e r e n c e  i n  % w i t h  100 5 of  t h e  nor -  
mal oxygen r a t e  i n  t h e  a i r  (210 021 e , g ,  t h e  o r d i n a t e  10 c o r r e s p o n d s  w i t h  
90% o f  21% of 02 .  

T h i s  r a t h e r  i n d i r e c t  method has  been chosen because  o f  t h e  f a c t  t h a t  i t  
a l lowed  t h e  a n a l y s i s  and d i r e c t l y  p u t t i n g  on c u r v e s  o f  t h e  g r a p h i c a l l y  
r e a d  d a t a .  Mathemat ica l ly  i t  i s  p o s s i b l e  t o  prove t h a t  i f  t h e  t r a c e r  gas 
d e c r e a s e  cur.ve [ u s e d  i n  mos t  of t h e  m e t h o d s ] ,  t h u s  i n  our  ease  n i t r c g e n ,  
i s  a  s t r a i g h t ;  l i n e  i n  a  semi - logar i t t imic  g raph ,  t h e  oxygen i n c r c a r ; ~  curve  
(which we measure1 i s ,  i n  t h i s  some t y p e  of g r a p h ,  a l s o  a s t r a i g h t  l i n e .  
A f o r t i o r i ,  one can prove t h a t . t h e  c u r v e  t y p e  used by us  [ d i f f e r e n c e  i n  % 
w i t h  r e g a r d  t o  21%)  must a l s o  y i e l d  a s t r a i g h t  l i n e  i n  t h e  s e m i - l o ~ o l . i t h : n i c  
sys tem.  



The s t r a i g h t  l i n s d r a w n  i n  t h e  f i g u r e s  7.3 t o  7. 6 have been determined 
by t h e  method of t h e  sma l l e s t  squares ,  f o r  t h e  t e s t  time zone without 
i n c e r t i t u d e  ( i n c e r t i t u d e  due t o  t h e  g raph ic  reading ,  a t  t h e  end of t h e  
t e s t ,  o r  a t  t h e  s t a r t  of t h e  oxygen r e - i n c r e a s e  a t  t h e  s t a r t  of t h e  
t e s t ;  The drawings i n d i c a t e  c l e a r l y  t h e  v a l i d i t y  zone of t h e  s t r a i g h t  
l i n e  [ e .g .  i n  f i g .  7.4 t h e  s t r a i g h t  l i n e  i s  v a l i d  from t = O  t o  t = 1 1 8 ) .  

If i t  i s  poss ib l e  f o r  most of t h e  t e s t s  t o  re t ransform t h e  experimental 
curve measured i n  one s i n g l e  s t r a i g h t  l i n e  i n  t h e  semi-logari thmic sys -  
tem, f o r  some t e s t s  on t h e  o the r  hand, t h e  i n c l i n a t i o n  of t h e  s t r a i g h t  
l i n e  changes dur ing  t h e  t e s t s ,  one a r r i v e s  a t  d i f f e r e n t  i n t e r p r e t a -  
t i o n s .  For each of t h e s e  cases ,  t h e  d i f f e r e n t  p o s s i b i l i t i e s  a r e  r ep re -  
sented i n  t h e  drawing [ e . g .  f i g ,  7.3 and 7.51. 

I I , 4 .  Air renewal r a t e  ( v o l / h ) .  

When t h e  b a s i s  of t h e  measuring system i s  a  decrease  of a t r a c e r  gas 
i n  t ime,  t h e  formula used f o r  t h e  c a l c u l a t i o n  of t h e  a i r  renewal r a t e  
i s  t h e  fo l lowing  : I 

with  n : a i r  renewal r a t e  (vo l /h l  
1 

to  : i n i t i a l  measuring i n s t a n t  considered I 
c  : t r a c e r  gas volume c o n c e n t r a t i o n . i n  t h e  gaseaus ambiance o f  - 0 t h e  room s tudied  . I 
c  : t r a c e r  gas  volume concent ra t ion  i n  t h e  normal e x t e r i o r  atmos-  I 

n pher ic  a i r  
I 

t : time considered f o r  t h e  t e s t  I 
c  : t r a c e r  gas volume concent ra t ion  i n  t h e  gaseous ambiance of t h e  

room s tudied  a t  t h e  moment t .  I 
Mathematically one can prove tha t '  t h i s  formula t akes  t h e  fol lowing form 

I 

f o r  t h e  ca se  of our curve : I 

f o r  100 - xt  = (100 - xo)e  
-nAt 

with A t  = t - to i s  t h e  temporal v a r i a b l e  I 
t and to  : sarne s i g n i f i c a n c e  a s  above 

[ 100 - xOl : s t a r t  o r d i n a t e  of t he  graph c o n s i d e r ~ d ,  corresponding 1 
with an oxygen concent ra t i ,on  of (100 - x 0 ) %  of 21% 

I 

(100 - x t  1 : o r d i n a t e  a t  the  rnorrlant t ,  c o r r c s p o n d i r i g  w i t h  an o x y g e n  
concent ra t ion  o f  ( I 0 0  - ~ ~ 1 %  of 2 1 % .  

In  t h e  case  i n  which i t  i s  poss ib l e ,  f i r  a same t e s t ,  t o  f i n d  seve ra l  , 
s t r a i g h t  l i n e s ,  t h e s e  d i f f e r e n t  renewal r a t e s  have been ca l cu la t ed .  

For each t e s t ,  t h e  r e s u l t s  of t h e s e  c a l c u l a t i o p s  a r e  given i n  t 2 b l e  1  
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SYNTHETIC TABLE OF THE RESULTS - TABLE NR 1 

z e s t  
n r 
- 

1 

2 

3 

4 

5 

6 

7 I 

8 

9 

10 

11 

wind Houdeng 
d i r e c t i o n + v e l o c i t y  

2,90 rn/sec ssw 

1,99 rn/sec NNE 

5.05 m/sec E-ENE 

3,851 rn/sec E 

5,95 rn/sec ESE 

2,20 m/sec NW 

3.86 m/sec WSW 

2,65 rn/sec SW-W- 
NNW 

#'  

3,85 m/sec ENE 

2,21 m/sec NW-W 

1.83 m/sec SE-NNW- 
NW 

1 

house  + 

room 
-- - 

M3 ch 1 

N3 ch 1 

W3 ch 3 

W3 ch 2 

M3 l i v i n g  

M7 l i v i n g  

M7 l i v i n g  

M7 l i v i n g  

M7 l i v i n g  

M7 l i v i n g  

M7 l i v i n g  

r enewa l  
r a t e  

0,918 ( 0 ' - 4 0 ' )  I 0,632 ( 4 0 ' - 8 0 ' 1  

0,498 ( 0 ' - 1 0 6 ' )  

0,391 ( 0 ' - 1 0 ' )  
10.526 ( 1 0 ' - 2 6 ' 1  

1,645 ( 0 ' - 3 2 ' 1  

0,319 ( 0 ' - 4 5 2 ' 1  

0,421 ( 0 ' - 1 0 7 , 5 ' 1  

0,762 ( 1 0 ' - 1 0 8 ' )  

0,532 ( 0 ' - 1 1 5 ' )  

0,719 ( 0 ' - 1 2 0 ' 1  

0,486 ( 0 ' - 1 0 0 ' 1  

0,364 ( 0 ' - 1 1 0 ' )  

2 r 

0,999 
0,999 

0,999 

0,998 
0,998 

0,999 

0,999 

0,999 

0,995 

0,999 

0,999 

0,994 

0,989 

r e l a t i o n  wind o r i e n -  
t a t i o n - r o o m  

Be 
cjp a 
'-a 
'v!!!!l 

?E!! 
RK 
RG 

\ R 



- 
' / 0 
I 

I 

! 
, 

mt 
B! 
D- 

ci 

f 

B! 

0,998 

0,999 

0,999 

0,999 

0,995 
0,996 
0,999 

1,000 

0,999 

0,998 

1,000 

0,998 
0,998 

0,983 

i 

1 , 1 5 2 ( 0 ' - 5 9 ' ]  

0,309 ( 0 ' - 1 0 7 , 5 ' 1  

0,616 1 0 ' - 1 2 0 ' )  

0 , 6 0 3 ( 0 ' - 1 4 0 ' )  

0 1 8 8 6 ( 0 ' - 8 0 1 )  
0,579 ( 8 0 ' - 1 3 0 ' 1  
0,870 ( 1 4 0 ' - 1 6 0 ' 1  

1,810 ( 0 ' - 5 6 ' )  

1.031 ( 0 ' - 3 4 ' )  

0 ,634 ( 0 ' - 9 0 ' 1  

0,914 ( 0 ' - 1 1 3 ' )  

0 , 4 7 8 ( 0 ' - 4 0 ' 1  
0,690 ( 4 0 ' - 8 0 ' )  

0,429 ( 0 ' - 1 0 0 ' )  

7 , 1 8 m / ~ e c  W-WSW 

2.42 m/sec SW 

4,49 m/sec N 

3 , 2 9 m / s e c  WNW 

4 , 8 6 m / s e c  WNW i 4,03 d s e c  
4,03 m/sec ( ? I  

4.86 d s e c  WSW 

1,25m/secSW-WSW 

3,31 rn/sec N 

2,73 rn/sec WNW 

6,39'rn/sec WNW 
16.39 m/sec 

1 ,95rn /sec  NE 

12 

13  

14 

15 

16 

17 

18 

t 

I 
19 

I 
20 

I 
21 I 1 ,  22 

I 

M7 chi 

M7 ch 1 

~7 ch 1 

N7 c h 1  

N7 c h 1  

N7 ch 2 

M7 c h 2  

N7 ch 2 

N7 ch 2 

N7 c h 2  

N7 c h 2  





11.5. Meteoro log ica l  d a t a .  

The m e t e o r o l o g i c a l  d a t a  r e q u i r e d  f o r  t h e  a n a l y s i s  of t h e  i n f i l t r a -  
t i o n s  come, f o r  t h e  wind v e l o c i t y  and d i r e c t i o n ,  from t h e  n e a r e s t  
m e t e o r o l o g i c a l  s t a t i o n ,  i n  t h e  c a s e  o f  S e n e f f e ,  from Houdeng a t  + 10 km - 
f l i g h t  d i s t a n c e .  

These t a b l e s  i n d i c a t e  by groups  of 2 hours ,  t h e  mean v a l u e  of t h e  wind 
d i r e c t i o n  and v e l o c i t y ,  

I t  i s  t o  be noted t h a t  t h i s  d i r e c t i o n  and v e l o c i t y  a r e  measured a t  
an a l t i t u d e  of 10 m above t h e  ground. 

The d a t a  d e r i v e d  from t h e s e  t a b l e s  of importance f o r  t h e  t e s t s  a r e  
given i n  t h e  s y n t h e t i c  t a b l e  n r .  1  on pages 7 ,  8 ,  9 ,  

However, two problems should be mentioned which a r e  i n h e r e n t  t o  t h i s  
t y p e  of r a t h e r  f a r  away measurements : 

11 t h e  r e p r o d u c t a b i l i t y  of t h e  c l i m a t e  of Houdeng a t  10 m above ground 
l e v e l  wi th  t h e  mic ro-c l imate  around t h e  houses i n  Senef fe ;  

21 t h e  d u r a t i o n  of a  t e s t  being of t h e  o r d e r  of 2 hours o r  even l e s s ,  
a  mean wind d i r e c t i o n  and v e l o c i t y  f r m  2 hours  a l lows  only an 
approximat ive  a n a l y s i s  and cannot  provide an answer t o  f o r  i n s t a n c e  
phenomena r e s u l t i n g  from m e t e o r o l o g i c a l  s i t u a t i o n s  changing d u r i n g  
t h e  t e s t s .  

11 .6 .  S v n t h e s i s  of t h e  t e s t  r e s u l t s .  

Table 1  of t h e  p r e s o n t  p a r t  i n d i c a t e s  t h e  r e s u l t s  of t h e  d i f f e r e n t  
t e s t s  performed on t h e  houses 3  and 7 i n  S e n e f f e .  

I t  i n d i c a t e s  : - i n  t h e  I r s t  column, t h e  t e s t  number 

- i n  t h e  2nd column, t h e  house and room examined 

- i n  t h e  3rd column, t h e  wind v e l o c i t y  and d i r e c t i o n  
r e s u l t i n g  from t h e  d a t a  of t h e  meteoro log ica l  s t a t i o n  
of Houdeng 

- i n  t h e  4th  column, t h e  c a l c u l a t e d  renewal r a t e ( s 1  c a l -  
c u l a t e d  f o r  t h e  t e s t  concerned and t h e  d u r a t i o n  of t h e  
t e s t  considered f o r  t h e  c a l c u l a t i o n  of t h i s  r a t e  

- i n  t h e  5 th  column, t h e  c o e f f i c i e n t  of t h e  d e t e r m i n a t i o n  
of t h e  s t r a i g h t  l i n e  s e r v i n g  a s  a  b a s i s  f o r  t h e  renewal 
r a t e  c a l c u l a t i o n  

- i n  t h e  6 t h  column, t h e  wind d i r e c t i o n  i n  r e l a t i o n  wi th  
t h e  p o s i t i o n  of t h e  room i n  t h e  house,  

I t  i s  i n t e r e s t i n g  t o  no te  t h e  ve ry  good c o r r e l a t i o n  between the  measuring 
p o i n t s  and t h e  measuring s t r a i g h t  l i n e  ( r 2 1 ,  which proves t h a t  t h e  t e s t  
method i s  c e r t a i n l y  v a l i d  f o r  a s tudy  of t h e  a i r  i n f i l t r a t i o n  i n  a  room. 
The formula arnounced by t h e  theory  t h u s  i s  p e r f e c t l y  approved b y  t h e  
exper imenta l  peasurements .  

F i g ,  7 . 7  r e p r e s e n t s  t h i s  s y n t h e s i s  of t h e  r e s u l t s  f o r  house n r ,  7 i n  
a  d i f f e r e n t  form. I t  i n  e f f e c t  g i v e s  t h e  a i r  renewal r a t e  of t h e  d i f -  
f e r e n t  rooms i n  f u n c t i o n  of t h e  wind v e l o c i t y  measured i n  Houdeng a t  t h e  
moment of t h e  t e s t .  



The p o i n t s  o f  t h i s  f i g u r e  wh ich  a r e  connected k e p r e s e n t  t h e  d i f f e r a n t  
renewa l  r a t e s  wh ich  can be deducted,  f o r  a same t e s t ,  f r o m  t h e  expo- 
r i m o n t a l  c u r v e .  

On t h e  g r a p h  a l s o  t h e  mean v a l u e  o f  t h e  measur ing p o i n t s  a r e  rep resen-  
t e d  f o r  each room. The v a l u e s  a r e  : 

l i v i n g  : 0,547 

room 1 : 0,716 

room 3 : 2,52 ( w i t h o u t  t h e  v a l u e  o f  t h e  t e s t  w i t h  t i g h t e n i n g )  

k i t c h e n  : 1,15 

11 .7 ,  I n f l u e n c e  o f  t h e  - wind v e l o c i t y .  

The air i n f i l t r a t i o n  o f  a room i s  a  f u n c t i o n  o f  t h e  w ind  v e l o c i t y  and 
w ind  d i r e c t i o n .  I t  t h u s  i s  l o g i c a l  t o  f i n d  i n  a  g raph  o f  t h e  t y p e  
t t n  - speed" a c l o u d  o f  d o t s  f o r  each roorn examined and groups 0.f: d o t s  
f o r  each d i r e c t j . o n  and each room. 
A f t e r  t h e  a n a l y s i s  o f  t h e  r e s u l t s ,  t h i s  c l o u d  is o n l y  seen f o r  room 2, 
f o r  c e r t a i n  d i r e c t i o n s .  
F o r  t h e  o t h e r  rooms, t h e  measurement p o i n t s  seem t o  r e g r o u p  around a  
s i n g l e  s t r a i g h t  l i n e .  T h i s  phenomenon can be e x p l a i n e d  f o r  cases such 
as t h e  l i v i n g - r o o m ,  debouch ing w i t h  i d e n t i c a l  open ings on two opposed 
w a l l s  and t h u s  p r a c t i c a l l y  independent  f ram t h e  wind d i r e c t i o n .  

F o r  each o f  t h e  roorns, t h e  s t r a i g h t  l i n e  tias been c a l c u l a t e d  by  t h e  
method o f  t h e  s m a l l e s t  squares and i t s  c h a r a c t e i . i s t i c s  a r e  g i v e n  i n  
t a b l e  2  

f o r  y  = axb o r  l n y  = l n a  + b  l n x  w i t h  y - renewa l  r a t e  n  
x - w ind  v e l o c i t y ]  

TABLE NR 2 

' 

L i v i n g  
Chambre 1  
Chambre 3  

- w i t h o u t  
t e s t  24 

- w i t h  t e s t  24 
Chambre 2 

-N-NE 
-SW-'WSW 

C u i s i n e  

- 
1-2 

0,970 
0,817 

0,605 

0,308 

2  measurements 
2  measurements 
2 measurements 

T~ ** 
a 

k 

0,214 
0,133 

1,053 

1,864 

0,262 
0,940 
1,000 

. L 

b  

0,923 
0,140 

0,596 

0,230 

0,738 
0,414 
0,139 

B 





Ror room 2 and l a c k i n g  more d a t a ,  2 s t r a i g h t  l i n e s  have  been drawn 
i n  f i g .  7 . 7  : 

- one  f o r  t h e  2 t e s t s  w i t h  N and NE wind (room u n d e r  wind]  
- one  f o r  t h e  2 t e s t s  w i t h  SW and WSW (room o u t  o f  wind)  

The two t e s t s  w i t h  WNW wind c a n n o t  b e  c o n n e c t e d , w i t h  any  sys t em.  

It i s  p r o b a b l e  t h a t  more p r e c i s e  m e t e o r o l o g i c a l  d a t a  ( e . g .  v e r y  
v a r i a b l e  wind)  c o u l d  have  h e l p e d  e x p l a i n  t h e s e  phenomena. 

F o r  t h e  k i t c h e n  o n l y  2 measurements  a r e  a v a i l a b l e ,  and  1  s t r a i g h t  
l i n e  have  been drawn.  

11 .8 .  I n f i l t r a t i o n  and q u a l i t i e s  o f  t h e  f r a m e s .  

F o r  a  b u i l d i n g  u n d e r  t h e  i n f l u e n c e  of a  wind w i t h  a  v e l o c i t y  v ,  t h e  
r a t e  g o i n g  t r o u g h  t h i s  b u i l d i n g  i s  e x r e s s e d  by : 

q = ~ . v 4 / 3  = n.V 

w i t h  n  : r enewa l  r a t e  c a l c u l a b l e  by t h i s  method 

V : volume o f  t h e  b u i l d i n g .  

A f u n c t i o n  o f  t h e  same t y p e  can  a l s o  b e  found f o r  one  s i n g l e  room : 

groom = cq . v4/3  = n l  * V1 

With Cq : c o n s t a n t  f o r  t h e  room i n  f u n c t i o n  o f  i t s  c h a r a c t e r i s t i c s  

n l  :' r enewa l  r a t e  of  t h e  room 

V1 : volume o f  t h e  room 
* 

1  
o r  i n  a  l o g a r i t h m i c  d i ag ram i n  nl  = i n  - + 4/3  I n  V .  

"1 

T h i s  r e l a t i o n  a l s o  g i v e s  a  s t r a i g h t  l i n e  o f  t h e  t y p e  i n y  = h a  + b  l n x  
a s  t h e  one  s o u g h t  i n  t h e  p r e c e e d i n g  d i ag ram.  

The v a l u e s  of  t h e  f a c t o r s  "b"  a r e  t o  be compared w i t h  t h e  v a l u e  4 /3  : 

0 , 9 2 3  f o r  t h e  l i v i n g - r o o m  
1 , 1 4 0  f o r  room 1  
0 , 5 9 6  f o r  room 3  



C1 However i.t must be  p r e c i s e d  t h a t  t h e  fo rmula  I n  n  = I n  - + 4 /3  I n  V i s  
1 ", 

A 

v a l i d  f o r  wind p e r p e n d i c u l a r  on t h o  e x t e r i o r  w a l l  o f  t h e  room and t h a t  . 
t h e  s t r a i g h t  l i n m o f  f i g .  7 . 7  on t h e  o t h e r  hand a r e  mean s t r a i g t h  l i n e s  
d e r i v e d  from t e s t s  w i t h  d i f f e r e n t  wind d i r e c t i o n s .  

11.9, Method of  t h o  D I N  4701 f o r  t h e  e s t i m a t i o n  of  t h e  v e n t i l a t i o n  l o s s e s .  - 
I n  t h e  German s t a n d a r d  D I N  4701 ( e d i t i o n  19591 which i s  g e n e r a l l y  used ,  
t h e  v e n t i l a t i o n  l o s s e s  of a  room a r c  e x p r e s s e d  by t h e  f o l l o w i n g  fo rmula  : 

w i t h  q : r a t e  i n  k c a l / h  

a  : h o u r l y  a i r  r a t e  p e r  m e t e r  j o i n t  f o r  I kg/m2 p r e s s u r e  d i f f e r e n c s  
betwoen t h e  two f a c e s  of t h e  j o i n t  ( c b r r c s p o n d i n g  w i t h  a  wind 
w i t h  a  v e l o c i t y  of 4 m/secl  

1 : l e n g t h  of  t h e  opening p a r t s  of e x t e r i o r  windows and d o o r s  s u b n ~ i t -  
t e d  t o  t h e  a c t i o n  of t h e  wind 

R : a  c h a r a c t e r i s t i c  q u a n t i t y  of t h e  room i n  f u n c t i o n  of t h e  r e l a t i o n  
between t h e  s u r f a c e s  of t h e  windolis and t h e  s u r f a c e s  of tho .j.nto- 
r i o r  d o o r s  

H : a c h a r a c t e r i s t i c  q u a n t i t y  of t h e  b u i l d i n g  ( e x p o s i t i o n 1  

W : a  m a j o r a t i o n  f a c t o r  f o r  t h e  a n g l e  windows 
C 

A t  : d i f f e r e n c e  between i n t e r i o r  and e x t e r i o r  t e m p e r a t b r e ,  

T h i s  v a l u e  q e q u a l s  a l s o  : n  x V x A t  x c  
P 

w i t h  n  : renewal  r a t e  

V : volume of t h e  room 

A t  : same t e m p e r a t u r e  d i f f e r e n c e  
3 c  : v o l u m ~ t r i c  warmth of t h e  a i r  ( =  0,31 kcal/'C m I .  

P 

It i s  t h u s  p o s s i b l e  t o  d e r i v e  from t h e  p rececd ing  f o r m u l a s  a n  a i r  rencklal 
r a t e  nDIN. These v a l u e s  a r e  i n d i c a t e d ,  f o r  each room, on f i g u r e  7 . 7 .  

T a b l e  3 i n d i c a t e s  t h e s e  v a l u e s  a s  we l l  a s  t h e  d a t a ,  t h u s  a l l o w i n g  t h e  
c a l c u l a t i o n .  

The comparison be tkeen  t h e  a i r  renewal r a t e s  c a l c u l a t e d  a c c o r d i n g  t o  D I N  
and t h e  mean v a l u e s  o b t a i n e d  from t h e  t e s t s ,  shows a r a t h e r  good c o r r c s p o n -  
dence  fox- t h e  room w i t h  one s i n g l e  e x t e r i o r  door  o r  window. 
For  t h e  l i v i n g - r o c m  on t h e  o t h e r  hand ( 2  oponings i n  t h e  2 opposed w a l l s 1  
t h e s e  v a l u e s  d i f f ~ r  s e n s i b l y .  

I n s t e a d  of c o n s i d e r i n g  t h e  mean v a l u e s  of t h e  measuring p o i n t s ,  i t  i s  s l s o  
p o s s i b l e  t o  s t a r t  frornthe s t r a i g h t  l i n e  p a s s i n g  through t h e  mean21-ing P o i n t s  
and d e f i n e d  i n  5 1 1 . 7  and t o  dc.Fj.ne t h e  j . n t e r s e c t i u n  p o i n t  w i t h  t h e  ~ o l . : i e  
c a l c u l a t e d  from D I N  4701, which i n  t h u ~ r y  should  be 4 m / s .  
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T h i s  comparison shows t h e  f o l l o w i n g  v a l u e s  : 

f o r  t h e  l iv ing- room : - + 1 m / s  
room 1 : + 3 , 2  m / s  - 
room 3 : 3 , 8  m / s  

T h i s  p roves  a g a i n  a good corrssponclance between t h e '  D I N  c a l c u l a t i o n s  
and t h e  measuremsnts,  e x c e p t  f o r  t h e  l iv ing-room.  

S t a r t i n g  from t h e  wind v e l o c i t y  of 4 m / s  and n -va lues  d e r i v e d  f o r  t h i s  
v a l o c i t y  e i t h e r  f r o m  t h e  c a l c u l a t e d  s t r a i g h t  l i n e s ,  o r  from t h n  mean 
v a l u e s  f o r  each ruom, it i s  p o s s i b l e ,  w i t h  t h e  p recsnd ing  fo rmulas ,  t o  
r e c a l c u l a t e  t h e  a - v a l u e  of t h e  f rame  of a room. Table  4 g i v e s  t h e s e  
a - v a l u e s ,  c a l c u l a t e d  from t h e s e  d a t a  and w i t h  t h e  fornlula 

RH, 1 

TABLE NR 4 -- 

T h i s  t a b l e  seems t o  i n d i c a t e  t h a t  f o r  t h e  rooms 1  ' and 3 t h e  quality 
o f  !,he f rame seems r a t h e r  i d e n t i c a l .  

11 .10,  Global  a i r  renewal  r a t e  of t h e  house .  

room 

l i v i n g  

ch 1; 

ch 3  

S t a r t i n g  from t h e  r e s u l t s  o b t a i n e d  f o r  each room ic lependt ly ,  i t  i s  
p o s s i b l e  t o  d e t e r m i n e  approx i rns t ivc ly  t h e  g l o b a l  a i r  renewal  r a t e  of 
t h o  whole house .  T h i s  can be done by suppos ing ,  f o r  a p a r t i c u l n r  
m e t e o r o l o g i c a l  c o n d i t i o n ,  t h a t  t h e  complete  a i r  volume, corning i n  
through t h e  o p e n i n ~ s  of  t h e  rooms g i v i n g  o u t  on a f r o n t  w a l l ,  i s  
r e d i s t r i b u t e d  i n  t h e  d w e l l i n g ,  e i t h e r  i n  t h e  rooms g i v i n g  o u t  on t h s  
o p p o s i t e  w a l l ,  o r  d i r e c t l y  o u t s i d e  th rough  t h e  openings  i n  t h i s  f r o n t  
w a l l  [ i n  t h e  c a s e  o f  rooms having open ings  i n  t h e  two o p p o s i t e  \ , ~ a l l s l .  

n  f o r  4 m / s  
mean 
v a l u e  

0 ,547 

0 ,716  

2,52 

The g l o b a l  a i r  r cncwal  r s t e  of  t h e  house i s  t h e n  o b t a i n e d  wi th  t h e  
fo rmula  : 

a 

7,84 

4 ,35 

4,07 

- I 

n f o r  4 m / s  
f o l l o w i n g  t h e  
s t r a i g h t  l i n e  

0 , 7 7 0  

0 ,640  

2 ,400 

wi th  ni : a i r  1-enewal r a t e  of t h e  room g i v i n g  o u t  on a g i ven  na11 

"i 
: volume of t h i s  room 

a  

1 1 , 0 3  . 
3 ,89  

- 

3 , 8 8  

"tr-ltal 
: t o t a l  vo1i;ne o f  the hause.  3 5 



i 
I n  t h e  c a s e  o f  t h e  tes ts  i n  S e n e f f e  t h i s  c a l c u l a t i o n  was made w i t h  I 

i 
t h e  rooms g i v i n g  o u t  on t h e  backwa l l  o f  t h e  house  and f o r  c l i m a t o -  
l o g i c a l  s i t u a t i o n s  s i m i l a r  t o  t h o s e  o b t a i n e d  d u r i n g  t h e  t e s t s  o f  t h e  .1 
ULg, i n  o r d e r  t o  b e  a b l e  t o  compare t h e  two r e s u l t s ,  i . e .  f o r  a wind 
w i t h  a  N d i r e c t i o n ,  s p e e d  of  2  m / s .  

Based on f i g .  7 .7  one  can  d e d u c t  t h e  v a l u e s  g i v e n  i n  t a b l e  5 .  

TABLE NR 5 

The c a l c u l a t i o n  of t h e  g l o b a l  r a t e  r e s u l t s  i n  ( f o r  a  wind of 2 m/sl 

n  = 0 , 4 1  Vol /h .  g l o b a l  

n  v[m31 CnV 

l i v i n g  0 , 4 0  6 1  24 ,40  
c u i s i n e  1 , 0 8  2  1  22 ,68  
ch 2  0 ,44  2  7 1 1 , 8 8  
ch  3  1 , 5 5  1 5  23 ,25  

82 ,21  

11 .11 .  C o n c l u s i o n s .  

V t o t  
= 198 ,30  

From t h e  t e s t s  w i t h  t h i s  method t h e  f o l l o w i n g  c o n c l u s i o n s  can  be 
drawn : 

- The measu r ing  method i n  i t s e l f  i s  v e r y  v a l i d  f o r  a  un ique  room, i n  
a s  f a r  a s  s u f f i c i e n t  number of t e s t s  i s  performed i n  o r d e r  t o  c o v e r  
t h e  wind d i r e c t i o n s  and each  d i r e c t i o n  w i t h  v e r y  d i f f e r e n t  v e l o c i -  
t i e s .  I f  p o s s i b l e ,  d a y s  w i t h  a  v a r i a b l e  wind o r  a  t o o  weak wind 
s h o u l d  be a v o i d e d .  

- The measurements  m u s t  be  per formed w i t h  a  very  good knowledge of  t h e  
l o c a l  m i c r o - c l i m a t e  and i n  p a r t i c u l a r  of t h e  wind d i r e c t i o n  and v e l o -  
c i t y  a t  t h e  h e i g h t  of t h e  room measured .  The f r e q u e n c y  of t h e  mean 
v a l u e s  of t h e  wind v e l o c i t i e s  and d i r e c t i o n s  of t h e  m e t e o r o l o g i c a l  
s t a t i o n s  [ 2  h )  i s  i n s u f f i c i e n t .  It  s h o u l d  t h e r e f o r e  be u s e f u l  t o  
measure  a t  t h e  same t i m e  t h e  p r e s s u r e s  r e i g n i n g  o u t s i d e  t h e  b u i l d i n g  
on t h e  w a l l s  and i n  t h e  d i f f e r e n t  rooms. 

Lacking more t e s t s ,  a l l o w i n g  a  more r i g o r o u s  a n a l y s i s ,  i t  seems 
e q u i t a b l e  t o  s i g n a l  t h e  f o l l o w i n g  f a c t s  : 

- I n  a  d i ag ram of  t h e  t y p e  " I n  n  - In  v i t "  t h e  e x p e r i m e n t a l  d a t a  f o r  
a  room seem t o  r e g r o u p  around one o r  more s t r a i g h t  l i n e s .  
Yore t e s t s  p r o b a b l y  would have a l lowed a  b e t t e r  and more p r e c i z e  
a n a l y s i s .  The i n c l i n a t i o n  o f  t h e s e  s t r a i g h t  l i n e s  seems t o  j o i n  
t h e  t h e o r y  sf t-"l power 4 /3  of t h e  \wind v e l o c i t y .  

- The D I N  4701 c a l c u l a t i o n  method f o r  t h e  v e n t i l a t i o n  r a t e  of  t h e  rooms 
seems t o  i n d i c a t e  a  good q u a n t i t y  o r d e r  f o r  t h e  rooms hav ing  one s i n g l f  
open ing  t o  t h e  o u t s i d e .  It  d o e s  no t  a t  a l l  c o r r e s p o n d  f o r  t h e  c a s e  of 
rooms w i t h  o p e n i n g s  i n  two opposed w a l l s  ( e . g .  l i v i n g  i n  o u r  c a s e ] .  



V a l u e s .  - - -----  
- The q u a l i t y  o f  t h e  f rames  o f  S e n e f f e  eoems s l i g h t l y  i n f e r i o r  t o  

g e n e r a l l y  a d m i t t e d  v a l u e s  [e ,g .  f o r  t h e  rooms a = + 4 ) .  - 
- The t e s t s  show t h e  l a r g o  d i s p e r s i o n  between t h e  d i f f e r e n t  rooms : 

e x t r e m e  v a l u e s  o f  n = 0,3 and n = 3,8, on a  f a c t o r  10. 

Chaoter  I11 - G l o b a l  t i g h t n e s s  t e s t s .  

111.1. I n t r o d u c t i o n .  

C o n s i d e r i n g  t h e  purge o f  an i n i t i a l l y  con tamina ted  room, t h e  decrease 
o f  t h e  contaminant  c o n c e n t r a t i o n  v a r i e s  i n  t i m e  f o l l o w i n g  a l a w  depen- 
d i n g  o n  t h e  a i r  r e n e w a l  r a t e  and on t h e  con taminan t  c o n c e n t r a t i o n  o f  
t h i s  new a i r .  I n  t h e  p a r t i c u l a r  case where t h i s  c o n c e n t r a t i o n  i s  zero .  
t h e  c o n c e n t r a t i o n  i n  t h e  room obeys an e x p o n e n t i a l  l aw  : 

The good r e g r e s s i o n s  found  i n  t h e  CSTC-tests, room by  room, c o n f i r m  
t h i s  l aw .  
On t h e  o t h e r  hand, when t h e  a i r  r e n e w a l  i s  e q u a l l y  contaminated,  t h e  
l aw  i s  more c o m p l i c a t e d  and t h e  c o n c e n t r a t i o n  i n  t h e  rocin examined depends 
on t h e  h i s t o r y  o f  t h e  c o n t a m i n a t i o n .  

I n  p r a c t i c e ,  i n  a  d w e l l i n g ,  c e r t a i n  rooms a r e  v e n t i l a t e d  by  t h e  e x t e r i o r  
a i r ,  o t h e r s  by  t h e  a i r  coming f r o m  n e i g h b o u r i n g  rosms. 

From t h e  e n e r g e t i c a l  p o i n t  o f  v iew, o n l y  t h e  o u t s i d e  a i r  r a t e  has any 
i n t e r e s t .  T h i s  i s  why i t  was dec ided  t o  p e r f o r m  t e s t s  w i t h  contamina- 
t i o n  o f  t h e  e n t i r e  house. 

Measurement o f  t h e  a i r  r enewa l .  

The measurement i s  per fo rmed by c o n t a m i n a t i o n  w i t h  a  t r a c e r  gas [N201 
and a n a l y s i s  o f  t h e  con taminan t  c o n c e n t r a t i o n  decrease i n  t h e  cou rse  
o f  t ime .  

Gas i s  i n j e c t e d  d u r i n g  some t e n  m i n u t e s  i n  t h e  s t a i r c a s e  wh ich  i s  
s t r o n g l y  mixed by a  v e n t i l a t o r ;  a l l  i n t e r i o r  d o o r s  a r e  open and i n  
each room v e n t i l a t o r s  assu re  t h e  d i s t r i b u t i o n  o f  t h e  con taminan t .  

When t h e  i n j e c t i o n  i s  t e r m i n a t e d ,  t h e  i n t e r i o r  d o o r s  a r e  c losed ,  a f t e r  
h a v i n g  r e g u l a t e d  t h e  v e n t i l a t o r s  on t h e i r  minimum speed. I n  f a c t ,  t h e  
measurements a r e  made i n  an " i s o t h e r m i c "  reg ime,  and i t  i s  necessary  
t o  m e c h a n i c a l l y  c r e a t e  an a i r  m i x i n g  s i m i l a r  t o  t h e  one b rough t  on by  
a  h e a t i n g  source .  T e s t s  a t  t h e  U n i v e r s i t y  o f  L i g g e  have shown t h a t  t h i s  
s o u r c e  a l w a y s  r e a l i z e d  a  p e r f e c t  m i x i n g  i n  t h e  r o a n  ( X I .  



The measuring equipment comprises  : a  gas  a n a l y s e r  wi th  s e l e c t i v e  
a b s o r p t i o n  i n  t h e  i n f r a - r e d ,  an a u t o m a t i c  channel  s e l e c t o r  a l lowing t h e  
s e q u e h t i a l  measurement of a l l  t h e  rooms [one measurement i n  30 seconds ,  
a  same room measured every  6  m i n u t e s ) ,  a  d i g i t a l  v o l t m e t e r  and a  p r i n -  
t i n g  d e v i c e .  

The measur ing  p r i n c i p l e  i s  t h e  f o l l o w i n g  : 
t h o  measur ing  c e l l  i s  davj.ded i n  two i d e n t i c a l  p a r t s  con ta i r i ing  N20. The 
two p a r t s  r e c e i v e  an i n f r o - r e d  r a d i a t i o n  whicli p l -cviously  has  r e s p e c t i -  
v o l y  gnne th rough  a r e f c r e r ~ c e  c e l l  w i t h o u t  N20 and an a n a l y s i s  c e l l  thl-uugl- 
which t h e  g a s  t o  be  a n a l y s e d  has  gone.  The g a s  t o  be ana lysed  absorbes  a  
p a r t  of  t h e  r a d i a t i o n  p ropo i - t iona l  t o  t h e  N20 r a t e  and t h e r e  r e s u l t s  a  
d i f f o r e i ~ t  h e a t i n g  i n  t h e  two measur ing c e l l s .  The t e m p e r a t u r e  d i f f e r e n c e  
r e s u l t s  i n  a  p1.cssure d i f f e r e n c e  botb~eon t h e  two c e l l s  whicli, conver ted  i r l  

o l e c t i - i , c a l  q u a n t i t y ,  d e l i v e r s  t h e  measur ing s i g n a l .  

The mossur ing f i e l d  i s  from fl t o  I % of N20, t h e  s i g n a l  a t  t h e  bottom of 
t h o  s c a l e  i s  20 nlV and t h o  r e s p o n s e  t i m e  i s  about  3 0  seconds .  Tlie g a s  
r a t e  t r a v e l i n g  i r i  t h e  a n a l y s i s  c e l l  i s  2 l /min.  

I n  order. t o  e l i m i n a t e  dead t i m e  due  t o  t h e  emptying of t h e  c o n d u i t s  re.ly:ir~: 
t h e  measi~r inp,  poin.Ls t o  t l io rneasur-ing u ~ p a r a t u s ,  iri a l l  p o i n t s  a  c o n t i -  
nuous o u t t a k e  I 1  l /min l  i s  c fToc ted  w j  t h  a pump i n  a l l  p o i n t s .  A t  t h e  
mornnnt of t h o  rneor,ure.lrnent, t h e  v a l v e  cc~rresgondi.np, wi th  t h e  p o i n t  considn - 
rncl r o c k s  and t h o  a i r  t o  be a n o l y s c d ,  a s ~ i r a t c d  by t h e  mcas~~r i r iy ,  pump, 
c i r c u l a t e s  i n  t h o  a n a l y s e r .  By t h i s  p rocedure ,  t h o  response  tirns i s  e s -  
s e n t i a l  l y  I-eignkd by t h e  t i m e  c o n s t a n t  of t h e  anal .yser ,  t h e  condu i t  l e r ~ g t  1 1 ,  
between t h e  a n a l y s o r  and tlio e l e c t r o v a l v c s  b e i n g  reduced t o  t he  minimum. 

I11 3. Tes t  r e s u l t s  

The t e s t s  were performed d u r i n g  t h e  f i r s t  week of August 1976, i n  house 
m7. 

S i x  g l o b a l  con ta rn ina t ion , t e s t s  were performed. 
The measuring r e s u l t s  a r e  g iven i n  t h e  semi - logar i thmic  diagrams 
f i g  7.8 t o t  f i g .  7 .17.  

On t h e  a b s c i s s a  one f i n d s  t h e  t ime  i n  minutes  and on t h e  o r d i n a t e  t h e  
contaminant c o n c e n t r a t i o n  i n  t h e  rooms cons ide red .  

During t h e  t e s t  campaign t h e  c l i m a t e  t y p e  has remained r e l a t i v e l y  s t a b l e ;  
t h e  w i n d ,  measured a t  t h e  t o p  of t h e  house,  had a  speed of t h e  o r d e r  
of 2m/s and an o r i e n t a t i o n  c l o s e  t o  North.  

One f i n d s  an example of a  diagram i n d i c a t e d  t h e  mean v e l o c i t y  and 
o r i e n t a t i o n  c a l c u l a t e d  w i t h  5 minutes  i n t e r v a l s  ( f i g .  7.18 and 7.191. 

( X I  IC-IB-research A e r a u l i c  c i r c u i t s  - IRSIA-convention n r  2260. 









Fig.  7.20 



The mcan v a l u e s  a r e  o b t a i n e d  from e s s e n t i a l l y  f l u c t u a t i n g  q u a n t i t i e s  
[ f i g .  7.20.  I measured on t h e  r o o f , o f  t h e  house.  

I 
Tho a i r  renewal r a t e  of each room can be c a l c u l a t e d  supposing t h ~  
system of t h e  f i r s t  o r d e r  [ e - " t l ,  i . c .  a s  i f  t h e  purge were a x c l u s i -  
v e l y  rnade i n  r e l a t i o n  w i t h  t h e  e x t e r i o r  f r e s h  a i r .  
Toblo 6 g i v e s  t h e  r e s u l t s  o b t a i n e d  a n d  t h e  cor responding  c o r r e l a t i o n  
c o e f , f i c i e n t s .  

S t a r t i ! - I C  frsom t h s s e  c o n c e n t r a t i o n s  C i  ( t l  rneasurnd i n  each room with  
a  vol.u~ne Vi onc! can dstcrrninn a  f i c t i v e  g l o b a l  c o n c c n t r a t i n n  C ca lcu-  
l a t a d  from 10 i n  1 0  minu tes  

T 

which comas down t o  cievidlng h y  t h e  t n t a l  volurne of t h e  house t h e  
t o t a l  q u a n t i t y  07 t h e  c o n t a i n a n t  present: a t  thr? tinlo ,t . 

I 
The docri9ase of t h i s  c o n c o n t r a t i o n  g i v c s  a -.---- ~ i o b a l  rcnewal  nT given i n  
. t a b l e  7 and i n  t h e  diai;rilm ; ' f i g .  7.17 . 

I 

TABLE f J i i  7 - Globol a i r  rennwal i n  vo l /h .  -- -- 

111.4 .  Anfilys.13 o f  t h c  ~ . c s u l t s .  ---- 
Renmol  i n  each room. - - - - - - - - - - - - - - - - - - - - -  

I t  stloulcl be re :~~bnrcd  t h a t  t h e  r a t e s  o b t a i n c d  arc! n o t  r n p r e s e n t d t i v e  
f o r  t h e  e x t e r i o r  a i r  volumc c n t e r j r i ~  i n  t h o  rooln (Lc:du:ir! of i n t o ~ n ' l l  
s x c h o n ~ c s l ,  but  of t h e  q u a l i t y  of t l i c  v c n t : i l a t i r ~ r i  i n  the roorn c o r ~ s i -  
de red .  
Tha s m a l l  v z l u c s  o h t s i n c d  f o r  t h e  c o r r e l a t i o n  c o c f f j c i s n t s  s p r i n g  e i ~ t l  1. 

from c l i m a t i c  v a r i a t i o n s ,  o r  from i r i t e rnd l  excharigcs, 

I t  i s  no t  p a s s i t - ~ l e  t o  d i s s o c i a t e  t h c  two  phononiona because of ~ ! i n d  oriL.::., 
t a t i o n  f  l u c t u a t i o n a .  

The ~ ? x c e p t i o n a l  air renc8dal r a t e s  0.f room 1 [0,1G) and of t h e  kitchr!!!  . . 
( 1  , 2 0  1 should b c  notcd ccn~pal.ed wi th  t h e  r a t o c  of t h e   other rosf:::: i i i : l?!; 

a r e  o f  ( l i e  c.11 L I C ~  z f  0,s. I 



For room 1  t h e r e  i s  no e v i d e n t  r e a s o n  t o  e x p l a i n  t h i s  bad v e n t i l a t i o n .  
T e s t s  performed by t h e  CSTC i n  o t h e r  houses have no t  shown a  s i m i l a r  
d i scordance  f o r  room 1 .  
One t h e r e f o r e  m u s t  suppose e i t h e r  t h a t  t h e  t i g h t n e s s  c h a r a c t e r i s t i c s  
of t h e  frames can vary  widely i n  a  same s e r i e ,  o r  t h a t  t h e  p l a c i n g  of 
t h e  frames i s  of t h e  utmost importance.  

As f o r  t h e  k i t c h e n ,  t h e  high v e n t i l a t i o n  r a t e  can be expla ined by t h e  
presence of an o u t s i d e  door  and a  c e l l a r  door .  

Global renewal .  - - - - - - - - - - - - - - -  

I t  i s  n o t  p o s s i b l e  t o  c o r r e l a t e  t h e  g l o b a l  renewal wi th  t h e  mean wind 
v e l o c i t y .  Th i s  i s  no doubt due t o  t h e  f a c t  t h a t  t h e  c l i m a t i c  condi-  
t i o n s  were ve ry  v a r i a b l e ,  i n  ampl i tude  and i n  o r i e n t a t i o n  d u r i n g  a  same 
t e s t .  During t h e  t e s t  campaign c h a r a c t e r i z e d  by a  weak wind v e l o c i t y  
of t h e  o r d e r  of 2 m/s, t h e  house t e s t e d  p resen ted  an a i r  renewal r a t e  
of t h e  o r d e r  of [0 ,47 + 0,131 v o l / h .  - 
One a s c e r t a i n s  t h a t  t h e  law of t h e  g l o b a l  f i c t i v e  c o n c e n t r a t i o n  very  
wel l  v e r i f i e s  t h e  e x p o n e n t i a l  1ak1,which conf i rms t h e  v a l i d i t y  of t h e  
exper imental  method used.  

Chapter I V  - General  c o n c l u s i o n s .  

IV.1,  Discuss ion of t h e  r e s u l t s .  

From t h e  r e s u l t s  ob ta ined  from two measuring campaigns i n  S e n e f f e ,  
the  fo l lowing  conc lus ions  can be drawn : 

- The g l o b a l  a i r  renewal r a t e  of t h e  houses i n  Senef fe  seems t o  be of 
t h e  o r d e r  of 0 ,5  V / h  f o r  a  wind v e l o c i t y  of t h e  o rder  of 2 m/s. 
The t e s t s  do n o t  a l l a w  e x t r a p o l a t i o n s  f o r  o t h e r  v e l o c i t i e s ,  because 
of t h e  g r e a t  un i fo rmi ty  of t h e  weather  t y p e  i n  Senef fe  d u r i n g  t h e  t e s t  
campaign of t h e  U ,  Lg. 

- On t h e  l e v e l  of t h e  rooms proper ly  speaking,  t h e  r e s u l t s  show a  ve ry  
l a r g e  d i s p e r s i o n  of t h e  r e s u l t s  f o r  t h e  two campaigns. 
The va lues  obta ined a r e  n e v e r t h e l e s s  only  p a r t i a l l y  comparable, because 
t h e  t e s t s  have been performed on two d i f f e r e n t  houses (U7 - C S T C ,  
MB - U.Lg1 and because t h e  methodology does no t  a l low an easy l i a i s o n  
between t h e  two t y p e s  of t e s t s  [ s e e  S 2 of t h e  p resen t  c h a p t e r ] .  

- Never the less  t h e  method d i f f e r e n c e  a lone does  not  by i t s e l f  exp la in  t h e  
d i f f e r e n c e s  e x i s t i n g  between t h e  renewal r a t e s  obta ined f o r  t h e  same 
rooms i n  t h e  two houses s t u d i e d ,  which means t h a t  t h e  a i r  renewal r a t e  
of a  room i s  a  non t r a n s p o s a b l e  r e s u l t ,  even i n  t h e  c a s e  of s e r i e s  of 
houses,  however supposed i d e n t i c a l .  The reason probably i s  t h e  p l a c i n g  
of t h e  frame and i n t e r i o r  d o o r s .  

IV.2. Discuss ion of t h e  methods. 

The two measuring methods used a r e  r a t h e r  s i m i l a r ,  
The p r a c t i c a l  a p p l i c a t i o n  i n  s i t u  does  not provoke major problems, n e i t h e  
f r o m  the  po in t  c f  view of t h e  a p p l i c a t i o n ,  nor from t h e  po in t  of view of 
t b e  a n a l y s i s .  
rsJevertheless t h e  f i e l d  of a p p l i c a t i o n  of t h e  two methods seems very d i s -  
t i n c t ,  i n  view of t h e  before-mentioned t e s t s .  

In f a c t ,  when one a n a l y s e s  t h e  i n f i l t r a t i o n s  of a  house,  one i s  faced w i t  
t h e  fo l lowing  problems : 



- - - - 

Under t h e  i n f l u e n c e  of a  wind w i t h  a  c e r t a i n  d i r e c t i o n  and v e l o c i t y ,  o r  
thus  a  pressure d i f f e r e n c e  between opposed wa l l s ,  one supposes a  c e r t a i n  
r a t e  e n t e r i n g  t h e  house th rough  a  w a l l  and i d e n t i c a l  t o  t h e  r a t e  l e a v i n g  
p r i n c i p a l l y  th rough  t h e  opposed w a l l .  

With t h i s  same p r i n c i p l e  i t  i s  u n f o r t u n a t e l y  n o t  poss ib l e  t o  determine 
p r e c i s e l y  t h e  a i r  renewal r a t e  o f  one s i n g l e  room, t h e  decontaminat ion 
o f  which can be i n f l u e n c e d  by t h e  decon tamina t ion  o f  o t he r  rooms d i s -  
charg ing  i n  t h i s  r o a n  s tud ied  and t h i s  depending on , the pressures c r e a t i n g  
i n s i d e  t h e  b u i l d i n g  and t h u s  on t h e  pressure l osses  o f  t h e  i n t e r i o r  doors. 

To r e s o l v e  t h e  problem on room l e v e l ,  one must d ispose  o f  a  method us i ng  
a  room per room contaminat ion,  as t h e  one used by t h e  CSTC and which g i v e s  
f o r  a  g i ven  wind v e l o c i t y  and d i r e c t i o n ,  an a i r  renewal r a t e  per  room. 

I f  t h e  CSTC-method t hus  i s  e s s e n t i a l l y  v a l i d  on room l e v e l ,  i t  p rov ides  
a  good es t ima t i on  o f  t h e  t i g h t n e s s  of t h e  frames o f  t h e  room considered. 
I n  t h i s  case i t  would e s p e c i a l l y  be a p p l i c a b l e  f o r  t e s t i n g  i n  s i t u  o f  
t h e  q u a l i t y  o f  t h e  l a t t e r  and e q u a l l y  v e r y  u s e f u l  f o r  d imension ing t h e  
hea t i ng  capac i t y  t o  be i n s t a l l e d  f o r  each roan.  On t h e  c o n d i t i o n  o f  
hav ing  s u f f i c i e n t  p o i n t s  per  r oan  f o r  each wind d i r e c t i o n  and d i f f e r e n t  
v e l o c i t i e s  per d i r e c t i o n ,  i t  must be e a s i l y  p o s s i b l e  t o  determine t h e  
maximum obta ined f o r  4 m/s. 

On t h e  c o n t r a r y  i t  i s  ve r y  d i f f i c u l t  t o  e x t r a p o l a t e  t h e  r e s u l t s  [ f o r  
i s o l a t e d  rooms) f o r  t h e  e n t i r e  d w e l l i n g ,  because o f  t h e  comp lex i t y .o f  
t h e  exchanges among rooms o f  a  same l e v e l  and maybe even among l e v e l s .  
The U.Lg-method g i ves  i n  t h i s  case ve ry  good r e s u l t s ,  which,  when t h e y -  
a r e  a l so  obta ined f o r  d i f f e r e n t  wind o r i e n t a t i o n s  and v e l o c i t i e s ,  should 
p rov i de  a  usefuL n o t i o n  f o r  t h e  c a l c u l a t i o n  o f  t h e  v e n t i l a t i o n  losses  
o f  t h e  e n t i r e  d w e l l i n g .  

IV .  3. Development. 

W i t h i n  t h e  framework o f  t h i s  research  and i t s  r e s u l t s ,  i t  i s  poss ib l e  
t o  d e f i n e  some p rec i se  p o i n t s  r e q u i r i n g  t o  be e l uc i da ted .  

From the  p o i n t  o f  v iew o f  t he  m ic ro -c l imate ,  t h e  reproduc t i veness  
o f  measurements made a t  10 m above t h e  ground i n  r e l a t i o n  w i t h  t h e  
wind which r e a l l y  touches t h e  w a l l  and t h e  pressures and depressures 
c rea ted  by t h i s  phenomenon, i s  t h e  f i r s t  problem t o  be s tud ied  i n  
order  t o  a r r i v e  a t  an exact de te rm ina t i on  o f  t h e  p r e c i s e  measures 
t o  be taken on t he  l e v e l  o f  t h e  house d u r i n g  t e s t s  of t h i s  k ind .  

2 1  Mode l i sa t i on .  - - - - - - - - -  - - - -  

Knowing t h e  r e s u l t s  o f  t h e  two methods f o r  a  same house, i t  must be 
p o s s i b l e  t o  make i t s  l i a i s o n ,  on t h e  l e v e l  o f  t h e  r e s u l t s  [ i n  as f a r  
as t h e  same wind d i r e c t i o n s  and v e l o c i t i e s  a re  found)  by way o f  an 
analogous model. Th is  e q u a l l y  r e q u i r e s  a  b e t t e r  knowledge o f  t h e  
i n t e r n a l  exchanges and t hus  e s p e c i a l l y  o f  t he  c h a r a c t e r i s t i c s  o f  t h e  
i n t e r i o r  doors .  

31 Real  - - - - - - - - -  occupat ion.  - - - - - -  

A l l  t e s t s  were performed w i t h  a l l  t h e  i n t e r i o r  and e x t e r i o r  doors 
norma l l y  c losed. I t  i s  ev i den t  t h a t  t h i s  i s  no t  t h e  oase f o r  a  r e a l  
occupat ion o f  t he  house and t h a t  t he  a i r  renewal w i l l  be a f f e c t e d  by 
t h i s .  The t e s t  r e s u l t s  should be considered as minima. 


