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SYNOPSIS 

A i r  change rates a r e  measured by an IR-93s-analyzer 
coupled wi th  a mic rocom~ute r  which i s  programmed t o  
c o n t r o l  measurements a s  w e l l  as d a t a  a q u i s i t i o n  and 
- eva lua t ion .  The implemented programs 2rovide  an i n -  
s t a n t  a c c e s s  t o  r e s u l t s .  The ex?er imental  equipment 
i s  i n s t a l l e d  i n  comnact form on mobile u n i t s .  

Measurements have been taken  i n  a u n i v e r s i t y  l a b o r a t o r y  
by us ing  t h e  decay- and constant-emission-method t o  
examine a i r  change r a t e s  under v a r i o u s  c o n d i t i o n s .  
Typica l  r e s u l t s  are p re sen ted  and show where each of 
t h e  two methods i s  more a p p r o ~ r i a t e .  The advantages  
of microcomputer usage a r e  d i scus sed .  

The a i r  change rate Q = neV between an enc losu re  of 
e f f e c t i v e  volume V and i t s  environment o r  t h e  
cor responding  vo lumet r ic  a i r  change r a t e  n a r e  among 
t h e  l e s s  unders tood a s p e c t s  of b u i l d i n g  des ign  and 
~3erformance.  They depend on b u i l d i n g  c o n s t r u c t i o n ,  
meteoro log ica l  parameters  a s  w e l l  as on occupan t ' s  
behaviour  [ I ] .  On t h e  o t h e r  hand, n-values a r e  pre-  
r e q u i s i t e  t o  e s t i m a t e  t h e  h e a t i n g  demand of b u i l d i n g s  
[ 2 ]  and t o  p r e d i c t  indoor  a i r  q u a l i t y  and humidity [ 3 ] .  
Yeasurements of t r lcer g a s  c o n c e n t r a t i o n s  can be used 
t o  c a l c u l a t e  n-values accord ing  t o  t h r e e  procedures  
[ 4 1 :  A )  c o n c e n t r a t i o n  decay,  B )  c o n s t a n t  emiss ion and 
C )  c o n s t a n t  c o n c e n t r a t i o n  of t h e  gas .  Two of them 
( A , B )  have been implemented and i n v e s t i g a t e d  i n  d e t a i l .  

The main o b j e c t i v e  of t h i s  work w e r e  improvements of 
exper imenta l  p rocedures ,  and e s p e c i a l l y ,  of d a t a  
acqu i s i t i onand!eva lua t ion  techniques  by combining 
t r a c e r  gas  measurements w i th  a microcomputer. Measure- 
ments of a i r  change r a t e s  have been conducted i n  a 
u n i v e r s i t y  l a b o r a t o r y .  They se rved  only a s  i l l u s t r a t i n g  
examples showing t h e  t y s i c a l  range of measuring va lues  
f o r  t h e  given s i t u a t i o n s .  S p e c i a l  emphasis i s  given 
on d a t a  a n a l y s i s  and t h e  e s t i m a t i o n  of e r r o r s  a s  w e l l  
a s  on t h e  comparison of methods A and B.  

A smal l  amount of an i n e r t  t r a c e r  g a s  i s  well-mixed 
wi th  room a i r  and i t s  c o n c e n t r a t i o n  va lues  a r e  recorded 
a s  a t i m e  s e r i e s .  

Then, conse rva t ion  of mass ( c o n t i n u i t y  equa t ion)  
r e q u i r e s  



3 where V ( m  ) is  t h e  e f f e c t i v e  volume of t h e  enclosed 
space,  n (h-I)  a i r  change r a t e ,  F (m3/h) flow r a t e  of 
t r a c e r  gas ,  c (e .  g .  : ~ n m )  t r a c e r  concent ra t ion  and 
t ( h )  time. Subscr ip t  Adenotes ambient a i r .  This  f i r s t  
o rde r  d i f f e r e n t i a l  eqn. ( 1 )  has t o  be solved f o r  t h e  
i n i t i a l  condi t ion:  

Using a t r a c e r  gas  which normally doesn ' t  e x i s t  i n  t h e  
environment : 

CA = 0 

r e s u l t s  i n :  

c I t )  = c m  + ( cO - cm) exp ( -n t )  ( 4 )  

with t h e  dimensionless t r a c e r  gas  i n j e c t i o n  r a t e  cm: 

coo = F/ (Ven) ( 5 )  . 
A s u i t a b l e  t r a c e r  gas  has  t o  meet a set of requirements 
[ 5 ]  and l e a d s  t o  a r e s t r i c t e d  number of o2t ions .  They 
have been compared with r e spec t  t o  accuracy [ 6 ] .  
Nitrous oxide (W 0) emerges f o r  a number of reasons a s  
a favourable  can8idate  and has been chosen a s  t r a c e r  
i n  t h i s  case .  

Nethod A - cons tan t  decay (coo = 0) - r e s u l t s  i n :  

whereas method B - cons tan t  emission (cm > 0) - y i e l d s  
t h e  more genera l  s o l u t i o n  of eqn . ( 4 )  , 

For method A t h e  a i r  change r a t e  n i s  c a l c u l a t e d  i n  a 
s t ra ight - forward  manner from eqn. ( 6 ) :  

where t and A t  a r e  any va lues  of t i m e  and t i m e  
increment during t h e  measuring period.  For method B 
t h e  va lue  of n can be determined from eqn. ( 4 )  only by 
numerical i t e r a t i o n  o r  by d i f f e r e n t i a t i o n  of eqn. ( 4 )  
with r e s p e c t  t o  time from: 

The accuracy i n  determining n depends f o r  both methods 
on t h e  observat ion e r r o r s  of t h e  ~ a r a m e t e r s :  

X1 = c ( t ) ,  x2 = c and x3 = cm 0 ( 9 )  
where we cons ider  t i m e  t t o  be measured exac t ly .  Then, 
t h e  Gaussian law of e r r o r  p r o ~ a g a t i o n  r e s u l t s  i n :  



6 denotes  dev ia t ion  of a v a r i a b l e  from i t s  mean value.  
For method A which is  independent on x3 = cm w e  simply 
p u t x 3  = 6x3 = 0. 

A s  mentioned above, t h e  funct ion  n ( x  ,x ,x ) i s  n o t  
genera l ly  a v a i l a b l e  a s  an e x p l i c i t  ada l$ t iS  expression.  
W e  use eqns. ( 9 )  , ( 4 )  and (5)  and de f ine  an i m p l i c i t  
funct ion  f  of n, x l  x and x : 2 3 
f ( n t x l  t x 2 r x 3 )  = x i  ( t)  - x3 - (x2-x3) exp(-ne t )  = O ( I  I )  

Thus, p a r t i a l  d e r i v a t i v e s  an/axi i n  ( l o )  can be 
s u b s t i t u t e d  by: 

2 and t h e  squared e r r o r  (6n) becomes: 

This r e l a t i o n s h i p  has been evaluated f o r  t h e  genera l  
case .  For t h e  asymptotic va lue  of t h e  squared e r r o r  we 
f i n d  f i n a l l y  : 

I f  w e  r e s t r i c t  our  t t e n t i o n  t o  method A e r r o r  
es t imat ion  f o r  (6n)2  i s  immediately obtained by 
d i f f e r e n t i a t i o n  of n i n  eqn. ( 7 ) :  

c  6c and 6c a r e  assumed a s  cons tan t  values.  The 0 ' e r r o r  '6n then decreases  r a p i d l y  with inc reas ing  time 
t. However, a s  soon as c ( t )  becomes small  i t s e l f ,  t h e  
e r r o r  6n inc reases  again .  The optimum measuring t ime T 
i s  i n  t h e  proximity of l / n .  Because method A i s  normal- 
l y  used only f o r  medium-to-low a i r  change r a t e s  t h e  
a v a i l a b l e  measuring t i m e  i s  always l a r g e  enough t o  
avoid a time domain with inc reas ing  e r r o r .  

EXPERIMENTAL EQUIPlrlENT AND PROCEDURE 

The experimental  equipment c o n s i s t s  of t h r e e  main 
components: 
- gas analyzer  with RS 232 i n t e r f a c e  
- microcomputer with p r i n t e r - p l o t t e r  



- g a s  i n j e c t i o n  appa ra tus  
as w e l l  as  a b o t t l e  w i th  comsressed c a l i b r a t e d  gas .  
They are i n s t a l l e d  i n  compact form on mobile t e s t  
u n i t s  (F ig .  1 ) . 
A key-component of t h e  measuring system i s  t h e  
commercial ly a v a i l a b l e  nond i spe r s ive  one-beam I R  gas  
a n a l y z e r  UNOR 6N, which d e t e c t s  low c o n c e n t r a t i o n s  
(1  ppm t o  100 ppm) of t h e  t r a c e r  g a s  n i t r o u s  ox ide  
(1J20). Its p h y s i c a l  p r i n c i p l e s  and main f e a t u r e s  are 
desc r ibed  i n  d e t a i l  e lsewhere  [7 ,81.  

A s 2 e c i a l l y  designed RS 232 i n t e r f a c e  u n i t  enab le s  
coupl ing  of a microcomputer wi th  t h e  8' 0-analyzer  

!? which i s  normal ly  equipped wi th  an ana og d a t a  ou tpu t .  

The m i c r o c o m ~ u t e r  is  an ABC 24 of A 1  E l e c t r o n i c s  
Corpora t ion ,  Tokyo, Japan.  It i s  based on a Z 80 A 
microprocessor  w i th  64 kB RAX, two f loppy  d i s k  d r i v e s  
( 5  1/4 i nch ,  double -s ide ,  double -dens i ty )  and a 12-inch 
h igh  r e s o l u t i o n  sc reen .  The ABC 24 i s  connected wi th  a 
p r i n t e r - p l o t t e r  which i s  c o n t r o l l e d  v i a  ano the r  RS 232 
i n t e r f a c e .  

The g a s  i n j e c t i o n  a p p a r a t u s  i s  very s imple  (F ig .  2 )  : 
It  c o n s i s t s  of a s t o r a g e  b o t t l e  of compressed g a s  wi th  
t h r o t t l i n g  v a l v e  fol lowed by a p r e s s u r e  v e s s e l  of 
known volume and a f l e x i b l e  t ube  connected wi th  a 
mixing f a n  which can be  moved f r e e l y .  

For c o n s t a n t  emiss ion measurements t h e  t r a c e r  g a s  
s t reams  through a ro t ame te r  and i t s  f low r a t e  i s  
manually c o n t r o l l e d  by means of an a d j u s t a b l e  quenching 
element a t  t h e  tube .  C a l i b r a t i o n  g a s  f lows d i r e c t l y  
from t h e  s t o c k  b o t t l e  t o  t h e  g a s  i n t a k e  of t h e  
a n a l y z e r .  

Running an experiment i s  e s s e n t i a l l y  s imple  and con- 
sists of t h e  fo l lowing  sequence of o p e r a t i o n s :  
1 )  c a l i b r a t i o n  of t h e  a n a l y z e r  
2 )  d e f i n i t i o n  and/or  p r e p a r a t i o n  of  measuring condit ions 
3 )  measurement c o n t r o l  and d a t a  handl ing .  

Microcomputer programs have been developed t o  suppor t  
and t o  f a c i l i t a t e  t h e s e  p o i n t s  [ 7 ] .  The f i r s t  one can 
b e  executed by us ing  t h e  program SIOINT which 
a c t i v a t e s  t h e  s e r i a l  input -ou tpu t  i n t e r f a c e  between 
a n a l y z e r  and microcomputer. rleasured va lues  are d i s -  
p layed on sc reen  every 0,2 o r  2,O second. 

The second p o i n t  i s  of s p e c i a l  importance f o r  method B 
where a s u i t a b l e  v a l u e  of i n i t i a l  c o n c e n t r a t i o n  c and 
g a s  f low ra te  F has  t o  b e  s e l e c t e d  i n  o r d e r  t o  acRieve 
a f avourab le  r e s o l u t i o n  f o r  a g iven  measuring range 
wi th in  a d e s i r e d  t i m e  p e r i o d  tlI. For  method A on ly  c o  
and tN have t o  be  s e l e c t e d .  

Po in t  3 i s  supported by a Program MEASMT which d e f i n e s  
a l l  v a r i a b l e s  and o p e r a t i o n  parameters  of measuring 
procedure  and d a t a  management, The program e s t a b l i s h s  



d a t a  f i l e s  on t h e  f loppy d i s k  where a l l  v a r i a b l e s ,  
parameters  and measuring va lues  are s t o r e d .  B a s i c a l l y ,  
two measuring modes have been r e a l i z e d :  Time-dependent 
and value-dependent mode (TDM, VDM). TDM means t h a t  
measured va lues  a r e  taken and s t o r e d  every given time 
s t e p .  VD2I means t h a t  t h e  d e c i s i o n  whether measured 
d a t a  a r e  s t o r e d  o r  n o t  depends on t h e i r  r e l a t i v e  
d i f f e r e n c e  t o  t h e  preceeding va lues .  This  reduces  t h e  
r equ i red  c a p a c i t y  f o r  d a t a  s t o r a g e  without  omission of 
s i g n i f i c a n t  information.  

A l l  programs are intended t o  be use r - f r i end ly  by an 
i n t e r a c t i v e  p a r t  f o r  t h e  i n p u t  of requi red  v a r i a b l e s  
and program c o n t r o l  parameters from keyboard. A f t e r  
t h e  i n p u t  has  been completed programs run au tomat i ca l ly  
and t h e  ou tpu t  of r e s u l t s  appears  on t h e  screen  and/or  
p r i n t e r - 9 l o t t e r  according t o  t h e  choice  of a  s p e c i f i c  
c o n t r o l  parameter,  Resu l t s  i nc lude  t a b u l a r  l i s t i n g s  
and graphic  p r e s e n t a t i o n s  of c ( t ) ,  

DATA EVALUATION 

P r i n c i p l e  of d a t a  a n a l y s i s  i s  t h e  approximation of 
measured concen t ra t ions  c  ( t  ) - t h e  index k v a r i e s  
from 1 t o  N, where N is  t h e  b o t a l  number of measure- 
ments - by an exponent ia l  express ion:  

A A and A2 a r e  numerical  parameters f i t t i n g  eqn. (16) 
O f  1 t o  measured d a t a  by means of t h e  Gaussian least squares  

method. Com~ar ison  of eqns.  (16) , ( 4 )  and (5)  y i e l d s :  

The asymptot ic  va lue  A. is  zero  f o r  method A and t h e  
a i r  change r a t e  n  i s  determined unequivocal ly  from 
eqn. (19) o r  A r e s p e c t i v e l y .  For method B ,  however, 

2 '  n  can be independently de r ived  a t  least  from eqns.  (17) 
and ( 1 9 ) .  This  d u a l i t y  i n  determining n provides  a  
good tes t  f o r  c r e d i b i l i t y  of r e s u l t s ,  

A i r  change r a t e s  have been numerously measured i n  9 somewhat leaky u n i v e r s i t y  l a b o r a t o r y  ( V  = 4 2  + 2 m ) 
f o r  w in te r  c o n d i t i o n s  and t h r e e  d i f f e r e n t  c a s e s  [7 ] :  

-1 
( 1 ) c losed  door ,  c losed  window (0.5 5 n ( h  ) 5 1 - 4 )  

( 2 )  open door ,  c losed  window ( 2 . 4  < n ( h - ' )  518.0) 
- 1 (3 )  c l o s e d  door ,  t i l t e d  window ( 6 . 2 5 n ( . h  ) 223.2) 



The numbers i n  brackets  above on t h e  right-hand-side 
g ive  t h e  range of observed va lues  f o r  each case .  Large 
s c a t t e r i n g  of n-values i s  a t t r i b u t e d  t o  varying 
meteorological  garameters such a s  wind- and temperature- 
induced p ressu re  d i f f e r e n c e  between t h e  considered room 
and i t s  environment. These parameters have n o t  been 
i n v e s t i g a t e d  f u r t h e r  wi th in  t h e  con tex t  of t h i s  work. 

DISCUSS1021 OF TEST RESULTS 

Figures  3 and 4 show i l l u s t r a t i v e  examples f o r  case  
(1 )  and p resen t  concent ra t ion  p r o f i l e s  measured 
according t o  method A and method B. Recorded concentra- 
t i o n  decay fol lows extremely wel l  t h e  a22roximation 
funct ion  r e s u l t i n g  i n  3 r a t h e r  small  e r r o r  of t h e  sir 
change r a t e  (n = 1 .30 + 0.03h-I ) . I f  under s i m i l a r  condi- 
t i o n s  a c o n s t m t  flow r a t e  F =  0 . 2  - 10-~m3h-I i s  a;??lied, 
concen t ra t ions  inc rease  with t i m e  and fol low a l s o  
f a i r l y  wel l  a  corresponding approximation funct ion  
( f i g u r e  4 ) .  A i r  change r a t e  i s  determined from e q n . ( l 9 )  
and y i e l d s  s somewhst l a r g e r  e r r o r :  n  = 1.15 + 0.13 h-I. 
I f  determined independently from eqn. (17) t h e  r e s u l t -  
ing n-value i s  i n  good agreement with t h e  preceeding 
Zigure: n  = 1.22 h-1. 

In  case  (2 )  , a t  f i r s t  a  uniform t r a c e r  gas concent ra t ion  i s  
e s t 3 b l i s h e d i n t h e m e 3 s u r i n g  room.T5enthedoor i s  onened 
and concentrationCiecreases. The l a t t e r  s i t u a t i o n  i s  
i l l u s t r a t e d  i n  f i g u r e  5 f o r  cond i t ionsof  r a 2 i d a i r  re- 
newal: n =  12.7 + 0.3 h-1. Concentration f l u c t u a t i o n s  
around tlie approximation funct ion  a r e  q u i t e  s i zeab le .  They 
showths t  a t t h e b e g i n n i n g o f  theexl7erimentthe composi- 
t i o n o f  f r e s h  a i r a n d  roomair  i s n o t p e r f e c t l y m i x e d  bu t  
c o n s i s t s o f  l a r g e e d d i e s  with s l i g h t l y  d i f f e r e n t  
concent ra t ions .  Due t o  t h e  r ap id  a i r  chz~nge very low 
concent ra t ions  2re reached s few minutes s f t e r  t h e  
.beginning of t h e  experiment. This lowers t h e  accuracy 
of d a t 3  evs lua t ion  and, t h e r e f o r e ,  cons tan t  emission 
method B i s  recommended f o r  such condi t ions  i n s t e a d  of 
concent ra t ion  decay met5od A which was used he re ,  

Method B has  been app l i ed  t o  case  ( 3 )  and r e s u l t s  a r e  
presented i n  f i  u re  6 ,  A cons tan t  flow r a t e  3 F = 7.7 10'3in h-1 of t r a c e r  gas  i s  mixed with a i r  of 
t h e  measuring room (c losed  door and window) and 
concent ra t ion  inc reases ,  Then, t h e  window i s  t i l t e d  
and a i r  chsnge r a t e  rises r a p i d l y  from n = 1.10 + 
0.14 h-I during t 5 e  f i r s t  603 s t o  n = 17.4 + 1.3 h-I 
a f t e r  900 s ,  a  process  which i s  accom2anied by a sud6en 
decay of concent ra t ion .  Because t h e o r e t i c a l  a n a l y s i s  
is  based on cons tan t  n-values t h e  t r a n s i e n t  range 
600 s 5 t 5 300 s cannot be evaluated.  Determination 
of n  f o r  t h e  domain 300 s S t  6 1800 s from eqn. (17) 
i n s t e a d  of eqn. (19) r e s u l t s  i n  n = 18.3 h-l , a value 
which i s  s i t u a t e d  wi th in  t h e  ext2ected l i m i t s  of e r r o r .  



A very i n t e r e s t i n g  r e s u l t  i s  presented  i n  f i g u r e  7 
which shows t h e  t r a c e r  gas  p r o f i l e  f o r  a  method B 
measurement i n  t h e  c a s e  of varying window p o s i t i o n s  
i n  an a d j a c e n t  room. The a l t e r a t i o n s  of t h e  concen- 
t r a t i o n  p r o f i l e  a r e  r e t a r d e d  i n  t i m e  wi th  r e s p e c t  t o  
changing window p o s i t i o n s  b u t  t h e  interdependence i s  
q u i t e  obvious.  This  shows t h e  importance of i n t e r z o n a l  
a i r  exchange r a t e s  which cannot be t r e a t e d  wi th  t h e  
simple I-node-model d i scussed  i n  t h i s  paper.  

SUKPIIARY AND CONCLUSION 

A moveable measuring s t a t i o n  f o r  a i r  change r a t e s  has  
been cons t ruc ted  and t e s t e d  i n  a  u n i v e r s i t y  l abora to ry  
under va r ious  cond i t ions .  The measuring procedure 
provides  a  quick access  t o  r e s u l t s  wi th  a  p repa ra t ion  
phase of t y p i c a l l y  15 minutes and measuring pe r iods  
between 15 and 30 minutes. Evaluat ion and output  of 
r e s u l t s  t a k e s  less than 5 minutes.  

Two methods a r e  examined: Concentrat ion decay (A)  and 
cons tan t  f low r a t e  ( B )  . Method A is-yery w e l l  s u i t e d  
f o r  smal l  n-values ( t y p i c a l l y  2 6 h  ) , whereas method 
B seems t o  be more a p p r o p r i a t e  f o r  l a r g e r  n-values,  
because t o o  r a p i d  concen t ra t ion  decays and corresponding 
s h o r t  measuring pe r iods  a r e  avoided by s u i t a b l e  
dimensioned i n j e c t i o n  of t r a c e r  gas .  A s  an a d d i t i o n a l  
advantage of t h i s  method, n-values can be determined 
by two d i f f e r e n t  ways, and thus  o f f e r  t h e  oppor tuni ty  
t o  compare and t o  t e s t  c r e d i b i l i t y  of r e s u l t s .  

The main advantage f o r  t h e  two measuring methods A and 
B comes due t o  t h e  c a p a b i l i t i e s  of microcomputers. 
They h e l p  t o  perform thoroughly and quick ly  t h e  
fol lowing t a s k s :  

- Prepa ra t ion  of measurements: C a l i b r a t i o n .  Choice of 
i n i t i a l  concen t ra t ion ,  measuring t i m e ,  i n j e c t i o n  r a t e  
( i f  r equ i red )  . 

- Control  of measurement: T i m e  s t e p s ,  i n t e r r u p t s ,  
cond i t ions  f o r  ending. 

- Automatic d i s p l a y ,  g raphic  p r e s e n t a t i o n ,  record ing  
of measuring parameters and va lues .  

- Immediate and f a s t  eva lua t ion  of measurements wi th  
complete p r e s e n t a t i o n s  from i n i t i a l  cond i t ions  up t o  
t h e  r e s u l t s .  

- Theore t i ca l  e r r o r  a n a l y s i s  a s  w e l l  a s  s t a t i s t i c a l  
eva lua t ion  procedures f o r  measured d a t a .  

- Evaluat ion of a  reduced d a t a  set only  i f  so  r equ i red  
by f a i l i n g s  of ins t ruments  o r  o t h e r  obviously 
erroneous e f f e c t s .  

Moreover, a  microcomputer i s  a b l e  t o  perform even more 
complicated measuring and eva lua t ion  procedures a s  they 
a r e  r equ i red  f o r  cons tan t  concen t ra t ion  measurements 



or for a determination of interzonal air change rates 
between different rooms of a building. In addition, 
correlation analysis of air change rate and other 
relevant meteorological or user-specific parameters 
can be done easily and w~ithout much effort in time. 
We conclude finally that the capabilities of traditional 
measuring methods are enhanced by the usage of micro- 
computers and that they are even mandatory for any 
more sophisticated measuring and evaluation method to 
obtain air change rates. 
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Fiq .  1 :  Mezisuring u n i t ' s  c o n f i g u r 2 t i o n .  Left-hand s i d e :  
IR-analyzer  w i t h  XS 232  i n t e r f a c e ,  g a s  exhaus t  
f a n ,  c a l i b r a t e d  g a s ,  microcomputer and r e l a t e d  
equipment.  Right-hand s i d e :  g a s  i n j e c t i o n  
a p p a r a t u s  c o n s i s t i n g  of  s t o c k  b o t t l e ,  p r e s s u r e  
v e s s e l ,  r o t a m e t e r  and r e l a t e d  a rma tu re s .  
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Pig .  2 :  Schemat ica l  i l l u s t r a t i o n  of  measuring system 
and g a s  i n j e c t i o n  a p p a r 2 t u s .  



Fig .  3: T race r  g a s  c o n c e n t r a t i o n  decay f o r  c a s e  ( 1 ) -  
measurements: c l o s e d  door  and window: 
n = 1.30 + 0.03 h (measurements: p o i n t s ,  
a jq rox imat ion  : l i n e )  . 

METHOD B 
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F ig .  4 :  I n c r e a s i n g  t r a c e r  g a s  c o n c e n t r a t i o n s  f o r  case 
(1)-measurements: c l o s e d  door and window: 
n = 1.15 + 0.13 h-1 (measurements: p o i n t s ,  
ap2roximation:  l i n e ) .  

F ig .  5: Rapid c o n c e n t r a t i o n  decay f o r  c s s e  ( 2 ) -  
measurements: o2en Zoor and c l o s e d  window: 
n = 12 - 7  + 0.3 h-I (measurements: p o i n t s ,  
approximat ion:  l i n e )  . 
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Fig. 6 : Concentration p r o f i l e  f o r  case  ( I ) /c3se ( 3 )  - 
measurements: c losed  door an< window/closed 
door and t i l t e d  window. During t h e  t i m e  
i n t e r n 1  1600 s ,  900 sl t h e  a i r  change r a t e  
inc reases  from n = 1.1 h-1 t o  n = 17.4 h-1 
(measurements: p o i n t s ,  approxim3tion: l i n e s ) .  
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Fig. 7: Concentration 2 r o f i l e  f o r  case  (1)-measurements: 
c losed  door and window. A window i n  t h e  
3djacent  room i s  t i l t e d ,  c losed  o r  f u l l y  
o?ened a t  t h e  ind ica ted  moments of time. With 
some time l a g  t h e  a i r  change r a t e  i s  
s i g n i f i c a n t l y  a l t e r e d  by t h e s e  changed window 
p o s i t i o n s  (measurements: p o i n t s ,  approximation: 
l i n e s )  . 


