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ABSTRACT 

A Compact Equipment f o r  Survey o f  A i r  Renewal (CESAR) w a s  developed at t h e  
E c o l e  Polytechnique Federa le  de Lausanne i n  Switzer land.  Cont ro l led  by a 
microcomputer, t h i s  appa ra tus  u ses  tracer gas  methods ( decay, cont inuous 
flow o r  cons t an t  concen t r a t ion ) .  U p  t o  t e n  d i f f e r e n t  l o c a t i o n s  i n  i nhab i t ed  
rooms can be monitored s imultaneously ove r  extended pe r iods  o f  time, using 
mainly t h e  "cons tan t  concent ra t ion"  technique .  

Seve ra l  air renewal surveys  w e r e  c a r r i e d  o u t  on d i f f e r e n t  inhabi ted  
bu i ld ings .  During 1983/1984 and 1984/1985 h e a t i n g  seasons  t h e  fol lowing 
t h r e e  main o b j e c t s  w e r e  i nves t iga t ed :  

- an  inhab i t ed  p a s s i v e  s o l a r  o f f i c e  b u i l d i n g  (LESO b u i l d i n g )  
- a t h r e e  s t o r e y  one fanrily Swiss dwel l ing  
- a low energy test greenhouse at the European Nuclear Research 

Center  ( CERN ) . 
Following s i g n i f i c a n t  r e s u l t s  w e r e  ob ta ined:  

- A i r  renewal measurements surveys  w e r e  c a r r i e d  ou t  i n  d i f f e r e n t  
i nhab i t ed  dwel l ings  over  s e v e r a l  weeks. 

- Determination o f  a c t u a l  outdoor-to-room and building-to-rooms 
f lowra te s  w e r e  ob ta ined  i n  multi-chamber house conf igu ra t ion .  

- Inf luence  o f  i n h a b i t a n t s  on the v a r i o u s  air f l o w r a t e s  were 
determined. 

Resu l t s  o f  t h e s e  surveys  as w e l l  as a s h o r t  d e s c r i t p i o n  of  t h e  developed 
appara tus  are repor t ed  i n  t h i s  communication. 

RESUME 

Un d i s p o s i t i f  compact d e  mesure du t a u x  de renouvellement d ' a i r  (CESAR) a 
ete  developpe a l l E c o l e  Polytechnique Fede ra l e  de Lausanne. Cont r6 le  p a r  
une c a l c u l a t r i c e  de  table, cet a p p a r e i l  u t i l i s e  les methodes a gaz t r a c e u r  
(decrement logar i tmique ,  f l u x  c o n s t a n t  ou concen t r a t ion  cons t an te ) .  
J u s q u r a  d i x  e n d r o i t s  d i f f e r e n t s  peuvent etre mesures simultanement et 
pendant de  longues pe r iodes  dans des chambres h a b i t e e s ,  e n  u t i l i s a n t  
pr incipalement  la  technique  a concen t r a t ion  cons t an te .  

P l u s i e u r s  campagnes de  mesure o n t  ete e f f e c t u e e s  s u r  d i f f e r e n t s  ba t iments  
h a b i t e s .  Pendant les h i v e r s  1983/84 et  1984/85 les o b j e t s  s u i v a n t s  o n t  ete 
mesures : 

- le  Labora to i re  d8Energ ie  S o l a i r e  de llEPFL, bat iment  s o l a i r e  passif 
experiment al, 

- une v i l l a  f a m i l i a l e  de  t r o i s  e t a g e s ,  
- une serre h o r t i c o l e  experimentale  au CERN. 

L e s  r e s u l t a t s  s u i v a n t s  o n t  ete obtenus:  
- L ' i n f i l t r a t i o n  a ete mesuree pendant p l u s i e u r e s  semaines dans  des  

M t i m e n t s  habites. 
- Les i n f i l t r a t i o n s  provenant de l ' e x t e r i e u r  e t  du reste du bat iment  

o n t  ete determinees.  
- L ' in f luence  des h a b i t a n t s  s u r  le t a u x  de  renouvellement d ' a i r  a ete 

mise en evidence.  

C e t  a r t i c l e  p r e s e n t e  brievement le d i s p o s i t i f  de  mesure e t  les r e s u l t a t s  de 
c e s  campagnes. 





INTRODUCTION 

Improvement i n  t h e  thermal performances o f  l o w  energy b u i l d i n g s  is 
concerned wi th  precise a i r  renewal measurements. I n  p a r t i c u l a r ,  g r e a t  
e f f o r t s  are now ded ica t ed  t o  q u a n t i f i c a t i o n  o f  t h e  occupants '  i n f luence  on 
a i r  change cond i t i ons .  To a t t a i n  t h i s  o b j e c t i v e ,  measurement techniques  
must have t h e  fol lowing c h a r a c t e r i s t i c s :  

- Allow cont inuous  measurement ove r  extended pe r iods  of  time ( s e v e r a l  
days o r  weeks) under vary ing  air change cond i t i ons .  

- Avoid p r e s e n t i n g  any h e a l t h  r i s k s  t o  l i v i n g  be ings  when exposed t o  
prolonged measurement c o n s t r a i n t s .  

'The Compact Equipment f o r  Survey o f  A i r  Renewal (CESAR) w a s  developed at 
t h e  Ecole Polytechnique Federa le  de Lausanne i n  Switzer land ( 1 ,  2 ) .  By use 
of an  a p p r o p r i a t e  tracer gas  technique  wi th  a non t o x i c  gas  at a ve ry  low 
cons t an t  concen t r a t ion  (100 ppm N O ) ,  t h e  two criteria mentionned above 

2 
can be a t t a i n e d .  

Seve ra l  air renewal surveys  w e r e  c a r r i e d  o u t  on  t h e  fo l lowing  t h r e e  
inhab i t ed  b u i l d i n g s  ( 3 , 4 )  dur ing  1983/1984 and 1984/1985 h e a t i n g  seasons: 

- an inhab i t ed  p a s s i v e  s o l a r  o f f i c e  b u i l d i n g  (LESO b u i l d i n g )  
- a t h r e e  s t o r e y  one family Swiss dwel l ing  (Roule t  house at  Apples) 
- a low energy test greenhouse at  t h e  European Nuclear Research 

Center  ( CERPI) 

Resu l t s  o f  these surveys  as w e l l  as a s h o r t  d e s c r i p t i o n  o f  t h e  developped 
appara tus  are repor t ed  i n  t h i s  communication. 

F igu re  1: V i e w  
Equipment f o r  
Renewal ( CESAR ) 

o f  t h e  
Survey 

Compact 
o f  A i r  



DESCRIPTION OF THE APPARATUS 

CESAR is a compact and mobile installation for "in situ" measurements 
(Figure 1). This apparatus was designed for simultaneous analysis of up to 
ten inhabited rooms over extended periods of time. Three operating modes 
with different tracer gas techniques can be used: the "decay" and 
"continuous flow" methods and above all the "constant concentration" 
method ( 5 , 6 ) .  This last approach shows serious advantages when compared to 
the others; measurement of infiltration can be carried out even in 
inhabited buildings with varying air change rates. 

Figure 2 shows a bloc-diagram of the developed apparatus. The overall 
equipment is integrated on a mobile rack shown in Figure 1. 

Four main components constitute the overall apparatus: 
- a monitoring microcomputer 
- an infrared N 0 and H 0 spectroanalyser 

2 2 - - a ten channel gas samplxng unit 
- a ten channel programmable gas injection unit 
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Figure 2: Bloc - diagram of CESAR 

The following describes the main operations performed by these components: 

a) Monitorinq micro-comrsuter 

Acquired data is recorded on a magnetic support (floppy disc). Analysis of 
monitored data is done automatically by the computer at the end of the 
survey. Air infiltration rates and air flow rates as well as statistical 
parameters are displayed after each analysis. Figure 3 shows an example of 
a "decay" analysis delivered after treatment of the monitored data. 



(MONITORING PERIOD OF 8 HOURS - FEBRUARY 1984) 
VERTICAL AXES : CONCENTRATION (PPM). HORIZONTAL AXES : TIME (HOURS) 

Figure  3 : Decay a n a l y s i s  d e l i v e r e d  b y  t h e  computer a f t e r  process ing  the 
monitored d a t a .  
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Figure  4 i l l u  trates a "constant  concen t r a t ion"  a n a l y s i s  done on an  P 
inhabi ted  86 m room. The t a r g e t  level is maintained wi th  a 4 t o  8 % 
accuracy even f o r  p e r i o d s  of  s e v e r a l  days.  "Constant concent ra t ion"  
ope ra t ion  is c o n t r o l l e d  by t h e  microcomputer, through t h e  u s e  of  a 
p ropor t iona l  - i n t e g r a l  - d i f f e r e n t i a l  (PID) c o n t r o l .  A i r  change rates 
obta ined  i n  a f i r s t  "decay" experiment as w e l l  as room volumes w e r e  used as 
input  parameters  f o r  t h e  gas  concen t r a t ion  c o n t r o l .  The t y p i c a l  d e s i r e d  
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I 5 O  
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c ncen t r a t ion  l e v e l  o f  100 ppm N 0 can  be achieved f o r  rooms o f  up t o  200 S 
m .  
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ANALYSIS OF A "SOLAR UNIT "  OF LESO BUILDING USING 

"CONSTANT CONCENTRATION" METHOD 

(MONITORING PERIOD OF 8 HOURS WITH OCCUPANTS - MAY 1984) 
VERTICAL AXES : N20 CONCENTRATION (PPM) (N20 FLUX NOT SCALED). HORIZONTAL AXES : TIME (HOURS). 
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Figure  4: "Constant concent ra t ion"  a n a l y s i s  made on an  inhab i t ed  86 m 3 

room. 
So l id  l i n e :  concen t r a t ion  l e v e l .  Dotted l i n e  : tracer gas  flow. 
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b )  I n f r a r e d  n i t r o q e n  p ro toxyde  and w a t e r  vapour  s p e c t r o a n a l y s e r  

The n i t r o g e n  p r o t o x y d e  (N 0 )  c o n c e n t r a t i o n  l e v e l  is measured b y  means o f  a 
Leybold-Heraeus arBINOS'l I R  beam a n a l y s e r .  S i n c e  I R  a b s o r p t i o n  bands 
s l i g h t l y  o v e l a p ,  w a t e r  vapour  d i s t u r b s  t h e  N 0 measurement. Measurement 

2 
o f  the H 0 c o n t e n t  is made s i m u l t a n e o u s l y  f o r  a u t o m a t i c  c o r r e c t i o n  b y  the 

2 
microcomputer.  A h i g h  p r e c i s i o n  N O/N gas m i x t u r e  is used f o r  periodical 
c a l i b r a t i o n .  2 2 

c )  Ten c h a n n e l  qas samplinq u n i t  

A Leybold-Heraeus "AMUS" u n i t  performs the sampl ing  of small amounts o f  air 
i n  up t o  t e n  d i f f e r e n t  rooms. The s c a n n i n g  i n t e r v a l  can  be chosen between 
10 and 1000 second.  The typical s c a n i n g  i n t e r v a l  between two rooms is 50 
seconds .  

d )  Ten c h a n n e l  i n i e c t i o n  p r o q r ~ l e  u n i t  

T h i s  d e v i c e  was developed a t  o u r  laboratory. Its p u r p o s e  is t o  i n j e c t ,  
under microcomputer c o n t r o l ,  known q u a n t i t i e s  o f  tracer g a s  i n  u p  t o  t e n  
d i f f e r e n t  rooms. I n j e c t i o n  f l o w r a t e  is stabilized b y  u s e  o f  a h i g h  a c c u r a c y  
double  s t a g e  p r e s s u r e  v a l v e  o r  a c o n s t a n t  p r e s s u r e  dumper t a n k .  G a s  e x h a u s t  
p r e s s u r e  is 200 kPa (2 B a r ) .  Smal l  f a n s  p r o v i d e  d i s p e r s i o n  of the tracer 
g a s  i n  the i n v e s t i g a t e d  rooms. The o v e r a l l  i n j e c t i o n  d e v i c e  was c a l i b r a t e d  
by u s e  o f  a h i g h  p r e c i s i o n  ( 2  % a c c u r a c y )  v o l u m e t r i c  f lowmeter .  

LESO AIR RENEWAL EXPERIE4E34TBL SURVEY 

The first i n f i l t r a t i o n  s u r v e y  was made on t h e  LESO b u i l d i n g  d u r i n g  t h e  
1983/84 h e a t i n g  s e a s o n .  E i g h t  s o u t h  rooms of t h e  b u i l d i n g ,  d i s t r i b u t e d  over  
t h g r e e  f l o o r s  and h a v i n g  v a r i o u s  p a s s i v e  solar systems were i n v e s t i g a t e d .  
F i g u r e  5 shows t h e  c r o s s  s e c t i o n  of t h e  b u i l d i n g .  

CORRIDOR 
AND 

STAIRCASE 

F i g u r e  5: R e p r e s e n t a t i o n  of t h e  p a s s i v e  solar o f f i c e  b u i l d i n g  (LESO 
b u i l d i n g )  



During t h i s  f i r s t  experimental  survey ,  t h e  main e f f o r t  w a s  devoted t o  
determining t h e  outdoor-to-room and building-to-room (from t h e  s t a i r c a s e )  
a i r  f l owra t e s .  P r e c i s e  eva lua t ion  o f  t h e  sou th  rooms1 energy ba lances  
motivated t h i s  approach. 

F i s t ,  mean "decay" air change rates w e r e  determined f o r  t h e  8 rooms. F igure  
6 shows t h e  measured va lues  obta ined  ove r  t h e  February 1st t o  29th  period.  
Minimal and maximal va lues  over  t h e  same pe r iod  are a l s o  r epo r t ed  i n  t h e  
same Figure .  Designat ion o f  t h e  v a r i o u s  p a s s i v e  solar systems, set up on 
t h e  south  facade o f  each room, are repor t ed  from bottom t o  t o p  of t h e  
v e r t i c a l  a x i s  i n  t h e  same o r d e r  as t h e y  w e r e  d i s t r i b u t e d  i n  t h e  bu i ld ing .  
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F igure  6 :  Minimal, average and m a x i m a l  air change rates measured wi th  t h e  
"decay" method from February 1st t o  29th ,  1984 on t h e  LESO b u i l d i n g .  

S i g n i f i c a n t  d i f f e r e n c e s  i n  air change rates have been found for t h e  8 
i n v e s t i g a t e d  facades  . New technology p a s s i v e  s o l a r  facades  us ing  double 
sk in  ( V )  o r  double i n f r a r e d  r e f l e c t i n g  f o i l s  windows (VIII) have been shown 
t o  produce a d r a s t i c  r educ t ion  i n  air  i n f i l t r a t i o n ,  demanding a new air 
q u a l i t y  c o n t r o l  s t r a t e g y .  

Tota l  i n f i l t r a t i o n  f lowra te s  were a l s o  measured f o r  each i n v e s t i g a t e d  room 
us ing  t h e  "cons tan t  concent ra t ion"  technique ,  t h e  tracer g a s  be ing  
i n j e c t e d  on ly  i n t o  t h e  rooms. 

Outdoor-to-room i n f i l t r a t i o n  f lowra te s  were determined f o r  each sou th  room 
by imposing t h e  same d e s i r e d  N 0 concen t r a t ion  l e v e l  over  t h e  e n t i r e  

2 
b u i l d i n g  . 
me mean building-to-room i n f i l t r a t i o n  f l o w r a t e s  w e r e  ob t a ined  by 
s u b s t r a c t i n g  t h e  mean outdoor-to-room air i n f i l t r a t i o n  f lowra te s  from t h e  
mean to ta l  i n f  i l t r a t i o n  f lowra tes .  
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F i g u r e  7 : Outdoor-to-room and building-to-room air i n f i l t r a t i o n  f l o w r a t e s  
e x p e r i e n c e d  at  the LESO on t h e  March t o  end o f  May 1984 p e r i o d .  

F i g u r e  7 shows outdoor-to-room air i n f i l t r a t i o n  f l o w r a t e s  i n  g r e y ,  r ang ing  
3 from 1 t o  40 m /h. S i g n i f i c a n t l y  low outdoor-to-room air i n f i l t r a t i o n  

f l o w r a t e s  were  measured £05 t h e  new t e c h n o l o g y  facades. Building-to-room 
air f l o w r a t e s  o f  abou t  5 m /h were measured i n  unoccupied rooms hav ing  
o n l y  one d o o r  c o n n e c t i n g  to  t h e  rest of t h e  b u i l d i n g .  

A second a i r  i n f i l t r a t i o n  s u r v e y  h a s  been  made on  t h e  LESO b u i l d i n g  d u r i n g  
t h e  1984/85 h e a t i n g  s e a s o n .  The same s o u t h  rooms, some o f  them h a v i n g  a new 
p a s s i v e  solar f a c a d e ,  were  a g a i n  i n v e s t i g a t e d .  The main e f f o r t  t h i s  time 
w a s  devo ted  t o  q u a n t i f i c a t i o n  o f  the  o c c u p a n t s '  i n f l u e n c e .  For t h i s  
purpose ,  t o t a l  a ir  i n f i l t r a t i o n  f l o w r a t e s  were measured f o r  t h e  8 d i f f e r e n t  
s o u t h  rooms o v e r  occup ied  and unoccupied p e r i o d s .  The "cons tan t  
c o n c e n t r a t i o n "  t e c h n i q u e  was used f o r  t h i s  purpose .  T o t a l  a i r  i n f i l t r a t i o n  
f l o w r a t e s  were d i v i d e d  by t h e  room's p h y s i c a l  volume t o  o b t a i n  to ta l  a i r  
i n f i l t r a t i o n  rates. 

F i g u r e  8 shows t h e  measured air change rates o b t a i n e d  f o r  t h e  8 d i f f e r e n t  
s o u t h  rooms. Two d i f f e r e n t  measur ing p e r i o d s  (November 1984 and  January  
1985) are r e p r e s e n t e d .  I n c r e a s e  o f  air change rates due  t o  colder 
m e t e o r o l o g i c a l  c o n d i t i o n s  c a n  be s e e n  b y  comparing t h e  r e s u l t s  o f  t h e  two 
months. The i n f l u e n c e  of occupan ts  o n  t h e  air i n f i l t r a t i o n  rate is 
r e s p o n s i b l e  f o r  t h e  a i r  change rate i n c r e a s e  measured f o r  occup ied  rooms. 
S i n c e  windows were  s h u t  a t  a l l  t i m e s ,  t h e s e  i n c r e a s e s  were due  o n l y  t o  door  
open ings  by t h e  users. Mean v a l u e s  o b t a i n e d  f o r  t h e  o v e r a l l  1984/85 h e a t i n g  
season  s h o  an  18 t o  100 % h i g h e r  v a l u e  i n  air i n f i l t r a t i o n  rates f o r  
i n h a b i t e d  rooms as compared t o  empty rooms. 
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Figure 8 : Mean air  change rates for two months with different outdoor 
temperature (January colder than '@Ioveniber). 
Black bars : with occupants White bars: without occupants. 



AIR CHANGE SURVEY I N  A ONE FAMILY HOME AT AePLES 

PurPose o f  t h e  survey  and d e s c r i ~ t i o n  o f  t h e  b u i l d i n q  

A 1 2  day survey w a s  made on a h igh  one fami ly  home loca t ed  i n  Apples, 
Switzer land;  t h e  main purpose be ing  to  test CESAR i n  t h e  f i e l d .  Th i s  home 
is b u i l t  on 6 h a l f  l e v e l s  (F igure  9 ) .  It h a s  a hea t ed  volume o f  530 cubic  
meter and 10  hea ted  rooms which are in t e rconnec ted  with respect t o  air 
change. A i r  f lows occur  between t h e  10 rooms s i n c e  they  a l l  open to  t h e  
staircase. 

The b u i l d i n g  has masonry w a l l s  wi th  a n  e x t e r n a l  4 cm f i b e r g l a s s  i n s u l a t i o n ,  
double glazed windows w i t h  weathers t r ipped  wood frames and a frame wood 
roof i nc lud ing  14  cm f i b e r g l a s s  i n s u l a t i o n .  The toilets have d u c t s  f o r  
n a t u r a l  v e n t i l a t i o n  and a f a n  is used i n  t h e  k i t c h e n  when cooking. For t h e  
o t h e r  rooms, n a t u r a l  v e n t i l a t i o n  o c c u r r s  through leaks and open windows. 
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Figure  9 : Sketch o f  t h e  middle l e v e l  Apples fami ly  home and v e r t i c a l  c u t s  
showing t h e  inter-connected h a l f  l e v e l s .  

1 Yvegs bedroom 2 P a r e n t ' s  bedroom 
3 Bathroom 4 Ent rance  and stairs 
5 "Fumoir'" 6 K n i t t i n g  room 
7 F r i e n d ' s  zoom 8 Kitchen 
9 Living room 10 Guy's bedroom 

@ Tracer  i n j e c t i o n  p o i n t  t ~ r a c e r  sampling p o i n t  
Tracer  i n j e c t i o n  p i n t  wi th  f an .  Arrow shows d i r e c t i o n  of 

t h e  flow. 



The b u i l d i n g  is occupied by 2 t o  4 a d u l t s  and t h e i r  h a b i t s  d i d  n o t  change 
dur ing  t h e  survey.  The s t r u c t u r e  o f  the b u i l d i n g  ( h i g h  spaces,  
in te rconnected  rooms ) as w e l l  as t h e  i n h a b i t a n t  behaviour ( opening doors  
and windows) b r i n g  t o  t h i s  experiment some d i f f i c u l t i e s  which are 
i n t e r e s t i n g  f o r  t e s t i n g  the appara tus  and t h e  monitor ing sof tware .  

Measurements 

The 10 measuring channels  of  CESAR w e r e  used f o r  t h e  hea ted  rooms. Five 
o t h e r  non-heated rooms such a s  t h e  cellars w e r e  no t  measured. The a i r  
change between t h e  hea ted  space and t h e  outdoor  o r  unheated space was 
monitored. 

Measurements w e r e  made us ing  t h e  "cons tan t  concent ra t ion"  method between 
October 24th and November 7 th ,  1984. The d a t a  w e r e  recorded i n  8 hour  f i l e s  
on a f loppy d i s k .  During t h i s  p e r i o d ,  t h e  wind v e l o c i t y  w a s  v e r y  l o w ,  
between 0 and 3 m / s .  

Because t h e  l a r g e  air change rate v a r i a t i o n s  t h a t  occur  i n  i nhab i t ed  
dwel l ings ,  it is q u i t e  d i f f i c u l t  t o  maintain a cons tan t  tracer gas 
concent ra t ion  l e v e l .  Even wi th  t h e  s o p h i s t i c a t e d  c o n t r o l  system o f  t h e  
CESAR appara tus ,  s m a l l  v a r i a t i o n s  cannot  be  avoided.  The measurements w e r e  
then i n t e r p r e t e d  wi th  t h e  fol lowing equa t ion  (5), g iv ing  t h e  volume Q o f  
indoor a i r  l o s t  between t h e  t i m e  t and t * 

1 2 ' 

Where 4 is t h e  tracer g a s  flow rate, C( t ) t h e  tracer woncentrat ion l e v e l  
and V t h e  measured volume. The i n t e g r a l  is eva lua t ed  on t h e  discrete 
measurement p o i n t s  by t h e  t r a p e z e  method. One such  equat ion  w a s  app l i ed  t o  
each room, as i f  t h e s e  rooms w e r e  independant and t h e  t o t a l  air l o s t  
q u a n t i t y  f o r  t h e  e n t i r e  dwel l ing  is obta ined  by summation. From t h i s  
q u a n t i t y ,  t h e  mean air flow and air  change rates can  be e a s i l y  eva lua ted .  
This  i n t e r p r e t a t i o n  method n e g l e c t s  the e f f e c t s  o f  the air changes between 
t h e  rooms. I n  f a c t ,  t h e s e  e f f e c t s  are n e g l i g i b l e  s i n c e  t h e  concen t r a t ions  
a r e  n e a r l y  t h e  same i n  every  room. 

Resul t s  

F igure  10 shows t h e  mean air change rate f o r  t h e  e n t i r e  dwel l ing  averaged 
over  8 hours  i n t e r v a l s .  I t  is obvious t h a t  t h e  behaviour  o f  i n h a b i t a n t s  can 
lead t o  very  s t r o n g  v a r i a t i o n s  o f  t h e  air change. 

Separa te  sums o f  t h e  a i r  f lowra te s  can be made f o r  two d i f f e r e n t  
con f igu ra t ions :  one when a l l  t h e  windows are c losed ,  and another  when only  
one o r  two windows, l oca t ed  i n  t h e  bedrooms on t h e  upper l e v e l  are open 
( i n h a b i t a n t s  s l e e p  t h e r e  with open windows ) . 
The t o t a l  mean a i r  change rate, f o r  t h e  e n t i r e  hea ted  space  du r ing  t h e  
whole survey  is  0.5 /h.  
This  air change rate dec reases  t o  0.37 /h  f o r  the t i m e  pe r iods  when a l l  t h e  
windows a r e  c lo sed  and inc reases  t o  0.56 /h if one o r  two bedroom windows 
a r e  open. It  is obvious ly  l a r g e r  when more windows are open. 



Figure  10 : Mean air change rate ( a c h )  f o r  the whole Apples dwel l ing  
obta ined  by t h e  cons t an t  concen t r a t ion  method, averaged over  every  8 hours  
i n t e r v a l .  A t  t h e  bottom, t h e  wind speed i s  rep resen ted .  

++++ : Large v e n t i l a t i o n  o f  t h e  dwel l ing  by opening 
k i t c h e n  and livingroom windows f o r  15 min. 

**** : Window open i n  Yve's room. 
---- : Sky-window i n  t h e  bathroom opened 

-.-.-: P a r e n t s '  bedroom window open du r ing  t h e  n i g h t .  

F igure  11 shows t h e  air i n f i l t r a t i o n  f lowra te s  f o r  each room. The main 
i n f i l t r a t i o n  occu r s  i n  t h e  k i t chen  and t h e  livingroom, which are on t h e  
lower l e v e l s  and have l a r g e  s l i d i n g  g l a s s  doors .  It is obvious t h a t  t h e  
f r e s h  a i r  is coming i n t o  t h e  house mainly i n  t h e s e  rooms. For example, t h e  
i n f i l t r a t i o n  i n  t h e  p a r e n t s '  room w i t h  open windows looks  very  l o w ,  s i n c e  
l a r g e  q u a n t i t i e s  of  indoor air, a l r e a d y  con ta in ing  t h e  t a r g e t  
concent ra t ion  l e v e l  o f  tracer gas ,  comes from t h e  livingroom by  way o f  t h e  
s t a i r c a s e  and an  u n t i g h t  door .  

This t o t a l  r i s i n g  air flow is more obvious when looking at p e c u l i a r  
records ,  as i n  F igu re  12 .  When c l o s i n g  t h e  p a r e n t s  ' bedroom window, e f f e c t s  
can b e  seen  i n  f i v e  o t h e r  rooms l o c a t e d  e i t h e r  a t  t h e  same l e v e l  as i n  t h e  
bathroom,(channel 3 ) ,  at  t h e  lower l e v e l  as i n  t h e  k i t chen  (channel  7 )  and 
i n  between as i n  t h e  staircase ( 4),  t h e  l ivingroom ( 9 )  and k n i t t i n g  rooms 
( 6 ) .  

More developments on t h e  tracer gas  concen t r a t ion  c o n t r o l  system w i l l  be 
made, t a k i n g  i n t o  account t h e  exchanges between rooms, t o  avo id  t h e  
overshoots  as t h o s e  which can be seen  on channels  2 and 7  i n  F igu re  1 2 .  
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Figure 11 : Comparison of the total air flows of each room. The windows 
which are open some time are i n  the bedrooms, on the upper level.  
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F i g u r e  1 2  : Record o f  the tracer g a s  c o n c e n t r a t i o n  ( t h i n  l i n e )  and  o f  t h e  
tracer g a s  f l o w  ( t h i c k  l i n e )  i n  6 rooms. T h i s  record shows the e f f e c t  of 
c l o s i n g  t h e  p a r e n t s '  r o o m  window ( c h a n n e l  2 )  o n  t h e  air change i n  o t h e r  
rooms ( a r r o w s )  and hence  t h e  s t r o n g  i n t e r - c o n n e c t i o n s  th rough  the u n t i g h t  
i n t e r i o r  d o o r s  and  the staircase. 



AIR INFILTRATION SURVEY IN A LOW ENERGY TEST GREENHOUSE IN GENEVA 

Purpose o f  t h e  survey 

I n  1982, a research p r o j e c t  w a s  begun a t  CERN i n  Geneva t o  examine 
d i f f e r e n t  methods o f  maximizing the s o l a r  energy  c o n t r i b u t i o n s  and 
minimizing h e a t i n g  c o s t s  i n  a greenhouse, u s ing  v a r i o u s  h e a t i n g  systems and 
thermal  s c reens .  

The CESAR w a s  used t o  s tudy  the f l u c t u a t i o n s  o f  air i n f i l t r a t i o n  and 
p a r t i c u l a r l y  t o  q u a n t i f y  t h e  in f luence  o f  t h e  fo l lowing  f a c t o r s  on  t h e  air 
change rate: 

- t h e  roof  windows openings 
- t h e  u s e  of thermal sc reens  d u r i n g  the n i g h t  
- t h e  wind and t h e  indoor/outdoor tempera ture  d i f f e r e n c e .  

I also provides  an  oppor tun i ty  t o  test t h e  CESAR on a l a r g e  b u i l d i n g  (2670 5 
m 1. 

Descr ip t ion  o f  the b u i l d i n q  and exper imenta l  s e t u p  
The greenhouse h a s  an  area o f  668 mL and a t o t a l  volume of  2670 m 

3 

(F igu re  1 3 ) .  I t  is d iv ided  i n t o  f i v e  thermal  zones separa ted  by p l a s t i c  
f i lms ,  each zone be ing  equipped wi th  a d i f f e r e n t  low temperature hea t ing  
system. 

F igure  13: Top view o f  t h e  CERN greenhouse wi th  t h e  5 independant thermal  
zones. The d o t s  show the tracer gas  sampling p o i n t s .  

Two h o r i z o n t a l  thermal  s c reens  w e r e  i n s t a l l e d  i n  t h e  upper p a r t  o f  t h e  
greenhouse t o  reduce t h e  n igh t  h e a t  l o s s e s .  The greenhouse h a s  a s i n g l e  
glazed roof and double g lazed  sides w i t h  aluminium frames. The a i r t i g h t n e s s  
of t h e  greenhouse is improved by us ing  rubber seals on t h e  frame (F igu re  

0 1 4 ) .  During overhea t ing  pe r iods  ( i n d o o r  air  tempera ture  over  2 4  C )  t h e  
c o n t r o l  system opens t h e  roof windows i n  o r d e r  t o  create a n a t u r a l  
v e n t i l a t i o n .  For  more d e t a i l s  s e e  ( 6  ). 



Figure  14 :  De ta i l ed  view o f  the frames and t h e  rubber  seals f o r  t h e  s i n g l e  
and double g l az ing .  

Measurements w e r e  made us ing  cons t an t  concen t r a t ion  method from November 
28th t o  December 1 4 t h ,  1984 and from February 6 t h  t o  21s t ,  1985. The t e n  
measuring channels  o f  CESAR were i n s t a l l e d  and used f o r  t h e  e n t i r e  
greenhouse as shown i n  F igure  13.  I n  a d d i t i o n ,  an au tomat ic  d a t a  
a c q u i s i t i o n  u n i t  allowed f o r  d e t a i l e d  a n a l y s i s  o f  t h e  c l ima te  and ope ra t ing  
cond i t i ons  o f  t h e  greenhouse. 

The method of  a n a l y s i s  w a s  s i m i l a r  t o  t h a t  used on the Apples survey  b u t  
w a s  d i r e c t l y  performed us ing  t h e  t o t a l  air i n f i l t r a t i o n  f lowra te  and t h e  
mean concen t r a t ion  l e v e l  f o r  t h e  e n t i r e  greenhouse. 

Resul t s  

F igure  15 shows t h e  s t r o n g  inf luence  o f  opening t h e  roof windows dur ing  
overhea t ing  pe r iods :  even f o r  a s m a l l  opening o f  5 c m ,  t h e  a i r  change rate 
inc reases  from 0 .2  - 0.28  /h (window c l o s e d )  up t o  0 .6  - 1.5 /h.  

During t h e s e  pe r iods ,  t h e  tracer gas  concen t r a t ion  l e v e l  decreases down t o  
80 ppm because o f  t h e  response t i m e  o f  t h e  c o n t r o l .  The e f f e c t  o f  t h i s  on 
t h e  r e s u l t s  however i s  n e g l i g i b l e  cons ide r ing  t h e  a n a l y s i s  method used. 

One can a l s o  observe i n  F igure  15 t h a t  t h e  thermal  s c reens  s l i g h t l y  reduce 
t h e  a i r  i n f i l t r a t i o n  i n t o  t h e  greenhouse by about  1 5  % (ach  = 0.28 /h 
without sc reens ,  0.22 /h with s c r e e n s ) .  This  is  confirmed i n  F igure  16 
where, f o r  similar wind v e l o c i t y  and temperature d i f f e r e n c e s ,  a i r  change is  
a l s o  s l i g h t l y  lower wi th  sc reens  than  wi thout .  

F igure  16 shows t h e  combined in f luence  o f  the wind v e l o c i t y  ( v )  and t h e  
indoor t o  outdoor  temperature d i f f e r e n c e .  Note t h a t  dur ing  t h e  measurement 
per iods ,  t h e  wind v e l o c i t y  w a s  low ( v  < 3m/s) 

A mu l t ip l e  l i n e a r  r eg re s s ion  w a s  performed on t h e  d a t a  recorded with t h e  
sc reens ,  i n  o r d e r  t o  determine t h e  a i r  change rate as a func t ion  o f  v and 
t h e  temperature d i f f e r e n c e .  The r eg res s ion  c o e f f i c i e n t s  and t h e i r  90% 
confidence i n t e r v a l s  are as follows: 

ach = a + b v + c (8.-8 ) 
1 e 

F i n a l l y ,  one can  note  t h a t ,  because of  t h e  frame rubber seals, t h i s  
greenhouse is very  t i g h t .  Its air change rate ranges  from 0 ,15  t o  0 . 4  /h as 
compared t o  approximately l / h  f o r  a s t anda rd  greenhouse. 
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F i g u r e  15: Measurements on  t h e  g reenhouse  d u r i n g  24 h o u r s :  
a )  E v o l u t i o n  o f  the tracer g a s  c o n c e n t r a t i o n  ( s o l i d  l i n e )  and  t h e  

tracer gas f l o w r a t e  (dotted l i n e )  f o r  t h e  e n t i r e  greenhouse.  
b) E v o l u t i o n  o f  t h e  air change rate ( a c h ) ,  t h e  indoor /ou tdoor  

t e m p e r a t u r e  d i f f e r e n c e  a n  t h e  wind v e l o c i t y  (w) 

Dotted zone : windows open.  Hatched zone : t h e r m a l  s c r e e n  c l o s e d  



Figure 16: Air change ra te  as a funct ion  of wind v e l o c i t y  for d i f f erent  
indoor/outdoor temperature d i f f erences .  Mean values  over 4 t o  8 hours time 
periods where windows are c losed .  

a )  without screens b )  with screen 
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