
VENTILATIOAN SYSTEM PERFORMANCE 

11th AIVC Conference, Belgirate, Italy 
18-21 September, 1990 

Paper 28 

HUMIDITY CONTROLLED NATURAL VENTILATION WITHOUT 
AUXILIARY ENERGY SUPPLY 

M. Szerman, H e  Erhorn, R, Stricker 

Fraunhofer Institut fur Bauphysik 
Nobelstr. 12 
D-7000 Stuttgart 80 





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

As a  consequence o f  measures r e q u i r e d  f o r  r e d u c i n g  t h e  
h e a t i n g  energy consumpt ion  i n  r e s i d e n t i a l  b u i l d i n g s ,  t h e r e  
have been more and more c o m p l a i n t s  i n  t h e  l a s t  few y e a r s  on 
t h e  appearance o f  mould i n  d w e l l i n g s .  I n  most cases,  i t  i s  
r e t r o f i t t e d  o r  r e n o v a t e d  o l d  b u i l d i n g s  wh ich  a r e  a f f e c t e d  
111. Mould g r o w t h  i s  f r e q u e n t l y  t h e  r e s u l t  o f  a  seve re  
r e d u c t i o n  i n  t h e  n a t u r a l  a i r  change r a t e  i n  o l d  b u i l d i n g s  
f o l l o w i n g  t h e  i n s t a l l a t i o n  o f  a i r t i g h t  windows, w h i l e  use r  
h a b i t s  remain  t h e  same as b e f o r e .  Each day, an average amount 
of 8 t o  15  l i t e r s  o f  m o i s t u r e  i s  g e n e r a t e d  i n  d w e l l i n g s ,  
wh ich  i s  u s u a l l y  conveyed t o  t h e  o u t s i d e  t h r o u g h  window 
j o i n t s .  However, a i r t i g h t  windows and i n s u f f i c i e n t  
v e n t i l a t i o n  cause i n d o o r  a i r  h u m i d i t y  t o  r i s e .  T h i s  may l e a d  
t o  s u r f a c e  h u m i d i t y  on c o l d  e x t e r n a l  w a l l s ,  e .g.  a t  t h e r m a l  
b r i d g e s ,  t h u s  p r o v i d i n g  i d e a l  c o n d i t i o n s  f o r  mould g rowth .  
The e f f e c t  i s  enhanced u n l e s s  t h e  i n s u l a t i o n  l e v e l  o f  t h e  
e x t e r n a l  w a l l  i s  g r e a t l y  improved so t h a t  t h e  s u r f a c e  
t e m p e r a t u r e  o f  t h e  exposed a reas  i s  i n c r e a s e d .  A c c o r d i n g  t o  
C21, mould g r o w t h  i s  i n f l u e n c e d  by t h e  f o l l o w i n g  pa ramete rs :  
n u t r i e n t  a v a i l a b i l i t y ,  t empera tu re ,  p h - v a l u e  o f  t h e  s u b s t r a t e  
and, i n  a  d e c i s i v e  manner, t h e  amount o f  water  i n  t h e  
s u b s t r a t e .  A c c o r d i n g  t o  [31, i n  one t h i r d  o f  a l l  cases,  t h e  
damage i s  o b v i o u s l y  caused by u s e r - r e l a t e d ,  h i g h  i n d o o r  a i r  
h u m i d i t y  (see T a b l e  I ) .  T h i s  i s  t h e  r e s u l t  o f  t e s t s  pe r fo rmed  
i n  300 o l d  b u i l d i n g s ,  where s e v e r a l  e x a m i n a t i o n s  were 

Tab.1: C o m p i l a t i o n  o f  t h e  parameters  most f r e q u e n t l y  a n a l y s e d  
i n  t h e  t e s t .  O f t e n ,  t h e  cause o f  damage i s  n o t  c l e a r l y  a t t r i -  
b u t a b l e  t o  a  s i n g l e  parameter .  T h e r e f o r e ,  t h e  sum o f  t h e  p a -  
r a m e t e r s  i s  a  v a l u e  above 100 %. 
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carried out in different dwellings. Besides, structural 
deficiencies such as thermal bridges or insufficient humidity 
protection of the building envelope were identified as being 
responsible for the remaining cases of damage. It can 
therefore be concluded that, supposing the construction is 
sound, it is the user-related indoor moisture load that 
should be reduced to prevent humidity damage and resulting 
mould growth. 

2. Ventilation 

While items such as missing or unsufficient thermal insula- 
tion and bad humidity protection as well as insufficiently 
insulated thermal bridges are inherent in the construction 
itself, humidity production and release can be influenced by 
the user. In the absence of building defects (sufficient 
thermal insulation and humidity protection), it is indoor air 
humidity that becomes the major cause for mould growth. Free 
ventilation through windows and untight window joints is the 
kind of ventilation most frequently performed in dwellings. 
An increased air change through window ventilation is 
something that is done subjectively by the user. As 
continuous ventilation results in increased heat losses 
during the heating period (often with mould contamination of 
the window reveal caused by convective cooling), St seems 
that short periods of intensive ventilation would be most 
efficient for energetic and hygric reasons. However, as the 
assessment of the indoor air quality is a subjective thing, 
ventilation controlled by the user may result in air change 
rates which are either excessively high (heat losses!) or 
dangerously low (risk of mould!). 

3. Free ventilation according to actual parameters 

A humidity controlled ventilation unit based on the principle 
of free ventilation (see Fig. 1) has been developed and 
patented at the Fraunhofer Institute of Building Physics. The 
device is a ventilation valve which may be installed in 
external walls or window frames, thus establishing a 
connection between indoor and outdoor air. It is 
automatically opened and closed by way of a sensor, without 
mechanic or electric auxiliary energy being required. Based 
on the principle of the hair hygrometer, the opening works 



according to humidity dependent length variations of suitable 
natural or chemical fibres employed to provide a mechanic 
force. For this reason, the unit does not require auxiliary 
energy and will operate automatically for years. The unit 
will stop the air change between indoor and outdoor air, if 
the indoor air humidity decreases to values which do not lead 
to critical surface humidity at the external wall. 
Simultaneously, increased heat losses are avoided. 

Ventilation unit 
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Fia.1: Schematic representation of the humidity controlled 
ventilation unit. 

4. Function 

The cross section of the unit is controlled by the sensors 
according to actual parameters, i.d, in case of high indoor 
air humidity, the valve of the unit will open to enable an 
air change. The opening characteristic is illustrated in 
Fig. 2. 

Relative humidity [%I 

Opening characteristic of the ventilation unit deve- 
loped by the Fraunhofer Institute of Building Physics. 



The a i r  change r a t e  i s  dependent on t h e  p r e s s u r e  d i f f e r e n c e  
between i n s i d e  and ambient  env i ronmen t .  F i g u r e  3 p r e s e n t s  t h e  
a i r  f l o w  r a t e  t h r o u g h  t h e  v a l v e  i n  c l o s e d  and open s t a t e  
dependent on t h e  e x i s t i n g  p r e s s u r e  d i f f e r e n c e  f o r  t h e  
p r o t o t y p e  o f  a  w a l l  u n i t .  P r e s s u r e  d i f f e r e n c e s  o f  10 t o  20 Pa 
a l r e a d y  l e a d  t o  a i r  f l o w  r a t e s  of  app. 15  t o  20 m31h t h r o u g h  
t h e  v e n t i l a t i o n  u n i t .  
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F i a . 3 :  A i r  f l o w  r a t e  t h r o u g h  t h e  v e n t i l a t i o n  u n i t  w h i l e  open 
and w h i l e  c l o s e d .  The measurements were c a r r i e d  o u t  a c c o r d i n g  
t o  German s t a n d a r d  D I N  18055. 

I n  o r d e r  t o  examine t h e  p rocess  o f  f r e e  v e n t i l a t i o n  by means 
of  t h i s  d e v i c e ,  f o u r  u n i t s  were mounted i n  t h e  unoccup ied  
t e s t  house 141 as i t  can be seen i n  F i g .  4 .  
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F i g . 4 :  F l o o r  p l a n  and s e c t i o n  o f  t h e  t e s t  b u i l d i n g  and l o c a -  
t i o n  o f  t h e  v e n t i l a t i o n  u n i t s  a c c o r d i n g  t o  151. 



In this connection, different installation situations were 
subject to investigation. Using tracer gas measurements, it 
was possible to determine the air change rate in single rooms 
under realistic wind pressure conditions with the units fully 
open or closed. It was observed that closed units hardly 
increased the airtightness of the entire building in 
comparison to the basal air change rate without units C51. 
The measurement results are shown in Fig. 5. The values 
recorded for each room are plotted dependent on wind speed 
for open and closed units respectively. The hatched section 
between the curves represents the increased ventilation rates 
which result. The values for room 2 in Fig. 5 examplarily 
demonstrate that the unit increases the air change rate from 
0.3 to 1.0 h-I at a wind speed ranging from 2 to 7 mls. 
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Fia.5: Comparison between the air change rates recorded 
within the Lest building for the rooms 2 to 5 with the unit 
being closed (lower curve) and open (upper curve). The hat- 
ched section demonstrates the increased air change rates ob- 
tained by way of the ventilation unit according to C51. 



F i g u r e  6  d i s p l a y s  t h e  mean w ind  speeds f o r  t h e  h e a t i n g  
p e r i o d s  a c c o r d i n g  t o  t h e  12 t e s t  r e f e r e n c e  y e a r s  deve loped  by 
C61 a t  d i f f e r e n t  r e f e r e n c e  l o c a t i o n s  i n  Germany. 

l es t  referenee year TRY 

Climate region according to TRY 

F i a . 6 :  Mean w ind  speeds d u r i n g  t h e  h e a t i n g  p e r i o d  as t h e y  
were r e c o r d e d  by t h e  12 s t a t i o n s  i n  t h e  t e s t  r e f e r e n c e  yea rs  
deve loped  by C61 f o r  t h e  F e d e r a l  R e p u b l i c  o f  Germany. 

The mean w ind  speed o f  a l l  l o c a t i o n s  i s  3.6 mls ;  t h e  l o w e s t  
mean v a l u e  b e i n g  2.5 mls,  t h e  h i g h e s t  5 .4  m ls .  A t  t h e  
l o c a t i o n  w i t h  t h e  l o w e s t  w ind  speed, t h e  a i r  change r a t e  i s  
0.6 h-' f o r  room 2 w i t h  t h e  u n i t  open. 

I t  can be conc luded  f rom t h e  measurements t h a t  g i v e n  mean 
w ind  speeds, f r e e  v e n t i l a t i o n  by way o f  t h e  u n i t s  d e s c r i b e d  
r e s u l t s  i n  a i r  change r a t e s  o f  > 0 .5  h-' wh ich  a r e  recommended 
i n  C61 t o  p r e v e n t  mould g r o w t h  caused by t o o  humid i n d o o r  
a i r .  

Bes ides ,  t h e  measurement demonst ra tes  t h a t  i t  i s  u s e f u l  t o  
i n s t a l l  s e v e r a l  u n i t s  i n  o r d e r  t o  p r o v i d e  s u p p l y  and exhaus t  
a i r  v a l v e s  depending on w ind  p r e s s u r e .  

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

To p r e v e n t  mould i n  d w e l l i n g s  w i t h  a  sound b u i l d i n g  f a b r i c ,  
i t  i s  necessary  t o  convey humid a i r  t o  t h e  o u t s i d e .  To t h i s  



end, t h e  paper a t  hand presents an efficient d e v i c e  for f r e e  
ventilation developed at t h e  Fraunhofer Institute o f  Building 
Physics. T h e  unit functions automatically (without auxiliary 
energy). Depending on t h e  relative air humidity, it can 
adjust air c h a n g e  rates such that t h e  r.h. will not remain 
critical for a longer period of time. It is advisable t o  test 
t h i s  unit in p r a c t i c e  in order t o  prove t h e  intended effect 
of preventing mould d u e  t o  excessive indoor air humidity. 
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Discussion 
Paper 28 

C-A Roulet (LESO, Switzerland) 

In many countries it is shown that air inlets are often taped or closed by the occupants. Is it not time to 
take this fact into account and act in order to avoid this behaviour? (E.g. hide the inlets, avoid the 
draughts, inform inhabitants, etc). 
M Szerman (Fraunhofer Institut fir Bauphysik, Gennany) 
I agree completely that the occupant should not be able to adjust or close demand controlled internal venti- 
lation units. In fact our developed unit cannot be closed by the user. 

W. Raatschen (Dornier GmbH, Germany) 

a) Your system works about in the same way as the French AERECO system. Do you expect the same 
performance? b) Why was there a need for you to develop a new system if such systems do already 
exist? 
M Szerman (Fraunhofer Institut fir Bauplzysik, Germany) 
a) Respectively the air change rate due to this element, we expect nearly the samepe$omzance as the 
AERECO. But our element avoids probbns with tlzermal and acoustic bridge effect due to tlze element, by 
tlze special construction. AERECO elements don't consider this, so that it is expected tlzat this element will 
getproblems, even in the German market. b)  When we develop our system, AERECO was not on the nzar- 
ket. Besides tlzat, our element takes into account tlzat much diferent outside tenzperaturellzztmidity condi- 
tions different air change rates are required to reduce tlze indoor air humidity by the sanze anzount. 

H Hens (Leuven, Belgium) 

Comment: 1) Tricky paper, proving that the larger an air inlet opening, the higher the ventilation rate. 
2) Humidity control = correct solution. To avoid mould one should monitor or the RH against the col- 
dest surface or ********* (outside temp, inside temp, RH) 


