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1. SYNOPSIS 

This paper  p r e s e n t s  a  new technique  f o r  supply  of 
outdoor  a i r  d i r e c t l y  through e x t e r n a l  w a l l s  i n t o  
a  dwe l l i ng  room without  any draught  problems. 

A new t y p e  of a i r  i n l e t  u n i t  has been developed 
based on t h e  exper ience  from t h e  s tudy  of i ndoor  
c l i m a t e  i n  t h e  " Stockholm Pro jec t "  . 
This Swedish experiment i n c l u d i n g  s i x  new r e s i d e n t i a l  
b u i l d i n g s ,  where t h e  i ndoor  c l i m a t e  t o g e t h e r  w i t h  
d i f f e r e n t  s o l u t i o n s  f o r  v e n t i l a t i o n  i s  eva lua ted ,  
shows t h a t  d raught  from a i r  i n l e t s  i s  one of t h e  
g r e a t e s t  problems wi th  bad indoor  c l imate .  

F u r t h e r  r e s u l t s  show t h a t  f o r  o t h e r  v e n t i l a t i o n  
a s p e c t s  except  d raught ,  t h e r e  a r e  l e s s  problems i n  
b u i l d i n g s  w i t h  mechanical exhaus t  sys  t e m s  t h a n  i n  
b u i l d i n g s  w i th  o t h e r  v e n t i l a t i o n  systems. 

This paper  p r e s e n t s  an a i r  i n l e t  p r i n c i p l e  t h a t  i s  
i n t e g r a t e d  i n t o  t h e  e x t e r n a l  wal l  cons t ruc t ion .  
Measurements c a r r i e d  o u t  show t h a t  a  t e s t  u n i t  works 
w i thou t  d raught  problems and wi th  a  lower h e a t  demand 
f o r  c o l d  down draught  p r o t e c t i o n  t h a n  wi th  o r d i n a r y  
v e n t i l a t o r s  and r a d i a t o r s .  

I NTECODUCTI ON 

The expe r i ence  from t h e  Stockholm P r o j e c t  shows t h a t  
a lmost  a l l  t ypes  of v e n t i l a t i o n  systems have d raugh t  
problems from a i r  i n l e t s  (Ref. 1 ) .  

The new b u i l d i n g  code i n  Sweden has i n c r e a s e d  t h e  
demand of a i r  changing i n  dwel l ings .  The minimum 
r a t e  i s  s t a t e d  t o  0. 35 l / s ,  m 2  f l o o r  a rea .  For bed- 
rooms an a d d i t i o n a l  c o n d i t i o n  s t a t e s  a  r a t e  of  4 l / s  
p e r  bed, which i n  most dwel l ings  g ives  a h i g h e r  r a t e  
t h a n  0. 35 l / s ,  m2 .  This means t h a t  t h e r e  w i l l  be a 
h i g h e r  demand on t h e  a i r  i n l e t s ,  e s p e c i a l l y  on d i r e c t  
ou tdoor  a i r  i n l e t s ,  t o  p revent  d raught  problems. 

I n  Sweden it i s  now becoming more and more common 
t o  b u i l d  apar tments  wi th  on ly  exhaus t  a i r  f ans  due 
t o  i n s t a l l a t i o n  c o s t s  and o p e r a t i o n  and maintenance 
problems. 

With t h i s  background we can s e e  t h a t  t h e r e  i s  a  g r e a t  
need t o  develop and improve t h e  f u n c t i o n  of ou tdoor  
a i r  i n l e t s .  



With suppor t  from t h e  Swedish Council  f o r  Bui ld ing  
Research ( B F R ) ,  a  new a i r  i n l e t  p r i n c i p l e  has been 
developed and a  t e s t  u n i t  has been measured i n  a  
c l i m a t e  chamber a t  t h e  Swedish I n s t i t u t e  f o r  Bui ld ing  
Research (SIB) .  

The r e s e a r c h  and development work has been c a r r i e d  
o u t  by a  group of v e n t i l a t i o n  eng inee r s ,  energy 
eng inee r s  and b u i l d i n g  engineers  from t h e  c o n s u l t i n g  
f i rm  A I B  i n  Stockholm. 

One of  t h e  b a s i c  i d e a s  f o r  t h e  a i r  i n l e t  concept  i s  
t o  i n t e g r a t e  t h e  v e n t i l a t i o n  technique  i n t o  t h e  
b u i l d i n g  c o n s t r u c t i o n .  

The aim of t h e  a i r  i n l e t  p r i n c i p l e  i s  t o  supp ly  t h e  
room w i t h  outdoor  a i r  wi thout  any draught  problems. 
I t  has a l s o  t o  be kep t  a t  a  low c o s t  c o n s t r u c t i o n  
l e v e l  a s  t h e r e  i s  a  very low c o s t  l i m i t  f o r  t h i s  
k ind of  i n s  t a l l a t i o n  i n  apartment bu i ld ings .  

3. THE PRINCIPLE FOR OUTDOOR A1 R INLET WITHOUT DRAUGHT 
PROBLEMS 

I n  s o l u t i o n s  of v e n t i l a t i o n  wi th  o r d i n a r y  a i r  i n l e t s  
t h e  a i r  f low has a  r a t h e r  high v e l o c i t y  which makes 
c o l d  a i r  pass  through t h e  warm convec t ive  a i r  s t r eam 
from t h e  r a d i a t o r .  This co ld  a i r  s t ream w i l l  o f t e n  
cause  a  d i r e c t  d raught  f e e l i n g .  

The c o l d  a i r  can a l s o  f low down t o  t h e  f l o o r  l e v e l  
which g ives  c o l d  f l o o r s .  Even t h e  c o l d  down draught  
from windows w i l l  i n c r e a s e  when i t  mixes w i th  an  
e x t r a  c o l d  a i r  s tream. 

To reduce t h i s  k ind of draught  problem t h e  b a s i c  
p r i n c i p l e  f o r  t h e  new a i r  i n l e t  concept  i s  t o  have 
a  very  low v e l o c i t y  of t h e  incoming a i r  flow, lower  
t h a n  0. 0 2  m / s .  This w i l l  be p o s s i b l e  by l e t t i n g  i n  
t h e  a i r  th rough  a  l a r g e  s u r f a c e  i n  t h e  e x t e r n a l  wal l .  

The i d e a  i s  t o  enab le  t h e  convec t ive  a i r  stream from 
t h e  r a d i a t o r  t o  " ca t ch"  t h e  co ld  a i r  f low and mix 
wi th  it. This w i l l  a l s o  i n c r e a s e  t h e  a i r  s t r e a m  from 
t h e  r a d i a t o r  and improve t h e  p reven t ion  of c o l d  down 
d raugh t  from windows . 
I n  t h e  t e s t  u n i t  t h e  a i r  i n l e t  i s  made by a  ha rd  
mineral  woolboard ( i n s u l a t i o n  board)  t h a t  i s  p l aced  
i n  a frame and i n t e g r a t e d  i n t o  t h e  wal l .  The s u r f a c e  
i s  j u s t  a  l i t t l e  s m a l l e r  t han  t h e  r a d i a t o r  ( i n  t h i s  
c a s e  about  0. 6 m 2 .  ) Behind t h e  board i n  t h e  wa l l  



t h e r e  i s  an a i r  space  and a  connec t ion  t o  t h e  o u t -  
door  a i r  through an  o r d i n a r y  s l i t  i n  t h e  facade.  
(The outdoor  a i r  can hereby a l s o  g e t  a  very good 
f i l t r a t i o n  when it i s  necessary  i n  p o l l u t e d  a r e a s .  ) 

Due t o  t h e  low a i r  v e l o c i t y  t h e  a i r  f low i s  very  
uniformly d i s t r i b u t e d  over  t h e  a i r  i n l e t  s u r f a c e .  

A t e s t  u n i t  has been b u i l t  a f t e r  a  p r i n c i p l e  con- 
s t r u c t i o n  shown i n  F igure  1. The t e s t  i n  t h e  c l i m a t e  
chamber has been measured i n  o r d e r  t o  ana lyse  t h e  
draught  problems. 

F igure  1 The f i g u r e  shows t h e  p r i n c i p l e  f o r  t h e  
ou tdoor  a i r  i n l e t  c o n s t r u c t i o n  



4. MEASURI NG AND TEST1 NG METHOD 

The t e s t  u n i t  has been t e s t e d  i n  a c l i m a t e  chamber 
where ou tdoor  t empera tures  a t  -20'C and +O'C were 
s i m u l a t e d  ( F i g u r e  2 ) .  

Measuring a r e a  

F igure  2 Cl imate  chamber and t e s t  room a t  S I B  

Room tempera tures  i n  t h e  l i v i n g  space  were r e g i s t e r e d  
a t  d i f f e r e n t  l e v e l s  w i th  thermoelements. A i r  move- 
ments were s t u d i e d  wi th  smoke and recorded on v i d e o  
tape.  

The a i r  v e l o c i t y  was a l s o  r e g i s t e r e d  wi th  an  anemo- 
meter ( t y p e  Disa 54N50). 

The a i r  f low through  t h e  a i r  i n l e t  was 25 m3/h which 
could be a normal a i r  f low f o r  a bedroom i n  a 
dwe l l i ng  i n  Sweden accord ing  t o  t h e  new b u i l d i n g  
code. 



The s u r f a c e  a r e a  of t h e  a i r  i n l e t  was 750 mm x 600 mm 
= 0. 45 m2. This g ives  an  i n l e t  v e l o c i t y  of 0. 015 m / s .  

The p r e s s u r e  drop  over  t h e  a i r  i n l e t  wi th  t h e  a i r  
f low of 25 m3/h was 12-14 Pa. 

The h e a t  l o a d  on t h e  r a d i a t o r  was r e g u l a t e d  w i t h  t h e  
wate r  t empera ture  t o  t h e  r a d i a t o r .  

Tes t s  were made wi th  d i f f e r e n t  h e a t  l oads  on t h e  
r a d i a t o r  a t  t h e  same outdoor  t empera ture  w i t h  t h e  
i n t e n t i o n  t o  e v a l u a t e  a t  which l e v e l  t h e  d raugh t  
problem was t o  be prevented.  

The same t e s t s  were c a r r i e d  o u t  t o  i n v e s t i g a t e  t h e  
f r e e z i n g  r i s k  of t h e  r a d i a t o r  wa te r  i f  e .  g. t h e  
h e a t i n g  system w i l l  be o u t  of o rder .  

5. RESULTS 

The t e s t  r e s u l t s  a r e  shown i n  F igures  3 - 6 .  

The draught  t e s t s  show t h a t  w i th  t h e  a i r  f low of 
25 m3/h and an  outdoor  t empera ture  of -20'C t h e r e  i s  
a  need f o r  600 W h e a t  l o a d  on t h e  r a d i a t o r  t o  p reven t  
c o l d  a i r  t o  f low o u t  on t h e  f l o o r  and cause  d raugh t  
problems. 

I f  t h e  outdoor  t empera ture  i s  a t  a l e v e l  of +OeC, 
a  h e a t  l o a d  of 300 W w i l l  be enough. 

The expe r i ence  a t  S I B  from o t h e r  t e s t s  w i th  o r d i n a r y  
outdoor  a i r  i n l e t s  i n d i c a t e s  t h a t  t h e s e  r e s u l t s  show 
a  r e l a t i v e l y  low h e a t i n g  demand. 

I n  t h e  tests  wi th  o r d i n a r y  a i r  i n l e t s  1000 W was nor- 
mally r e q u i r e d  a t  -20°C, r e s p e c t i v e l y  500 W a t  LO'C 
t o  p reven t  d raught  problems. 

I n  t h e  t e s t s  t o  i n v e s t i g a t e  t h e  f r e e z i n g  r i s k  of t h e  
r a d i a t o r  wate r  it was e s t a b l i s h e d  t h a t  t h e r e  i s  no 
r i s k  of f r e e z i n g  i f  t h e r e  i s  a  minimum b a s i c  wa te r  
f low of  5  l / s  through t h e  r a d i a t o r ,  even i f  t h e  wate r  
t empera ture  i s  on ly  +20°C. 



Cooli 

A i r  
-19. 

Figure 3 Test  No. 1 

The f i g u r e  shows t h e  a i r  flow and t h e  
temperatures a t  outdoor temp. = -1 9. 9 'C  
and r a d i a t o r  hea t  load = 430 W. 

I t  can be seen t h a t  t h e  cold  draught 
a t  f l o o r  l e v e l  i s  not prevented. 



.ool ing chamber 

Figure 4 Test  No. 2 

The f i g u r e  shows t h e  a i r  flow and t h e  
temperatures a t  outdoor temp. = - 19. 8 ' C  
and r a d i a t o r  hea t  load  = 582 W. 

I t  can be seen t h a t  t h e  r a d i a t o r  t akes  
c a r e  of a l l  t h e  outdoor a i r  from t h e  
i n l e t  and t h a t  t h e r e  a r e  no draught  
problems. 



8.1 cm/s medel 

Cool ing chamber 

F igu re  5 T e s t  No. 3 

The f i g u r e  shows t h e  a i r  f low and t h e  
tempera tures  a t  outdoor  temp. = -0. 4 "C 
and r a d i a t o r  h e a t  l o a d  = 2 0 6  W. 

I t  can be s een  t h a t  t h e r e  a r e  down 
draught  problems. 



Cooling chambe 

Figure 6 Tes t  No. 4 

The f i g u r e  shows t h e  a i r  flow and t h e  
temperatures a t  outdoor temp. = -1. 0 'C  
and r a d i a t o r  hea t  load  = 302 W. 

I t  can be seen  t h a t  t h e r e  a r e  no down 
draught problems o r  problems with cold  
a i r  a t  f l o o r  l e v e l .  
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