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SYNOPSIS 

Measurements in some dwellings show differences of the absolute 
humidity as a function of the kind of ventilation (only natural 
or mechanical exhaust air or balanced ventilation) and the posi- 
tion of the single rooms, especially of the bedrooms. Therefore 
is investigated into the expected moisture transport in two dif- 
ferent ground plans. 

The main humidity production is in the kitchen and bathroom. If 
kitchen and bathroom are on the outer side, the dwelling is load- 
ed with this moisture through the main wind direction. This 
counts especially for bedrooms, because through this moisture 
load on the day there can appear peaks in the night. 

By the right layout of these rooms in the ground plan you can re- 
lieve the dwelling of moisture load as far as possible. 

If kitchen and bathroom are in the interior of the dwelling, on- 
ly the effectiveness of the natural or mechanical exhaust air 
counts for the transport of moisture. By the right construction 
of the exhaust air, this air can reduce the moisture even in the 
living- and bedrooms. 

INTRODUCTION 

The National German building code only say that a dwelling's ven- 
tilation has at least to be guaranteed by natural cross ventila- 
tion. In fact, also before this code was set up, there has al- 
ways been a regard for dwelling ventilation in the way that ever- 
y room of an apartment could be provided with supply air coming 
through opened or not airtight closed windows or out of other 
rooms in the dwelling, respectively. 

The last two decades show a development in building construction 
favorizing smaller dwellings, especially apartments of a size of 
30 - 40 m2. Additionally those apartment buildings were economi- 
cally constructed as blocks with ground plans of depth up to 15 
m. In the interior of the dwelling windowless sanitary rooms 
like bathroom and W.C. are situated. Consequently, first we had 
to accept bathroom and toilet as interior and windowless rooms; 
finally - with the late edition of the building code - we have 
come to kitchens, situated in the dwelling's centre and without 
windows, too. 

However, these rooms now being windowless an additional ventila- 
tion according to the building code becomes necessary. This 
code, written down in DIN 18 017, describes a shaft ventilation 
with natural air draught or an additional supporting ventilator. 



The efficiency of this system for the interior rooms depends on: 
- a sufficient natural air draught trough the shaft 
- the operation time of the possibly installed ventilator in the 
day's course 

- the amount of air which is additionally provided as supply air 
out of these rooms which still have natural cross ventilation 

Experience shows that those shaft ventilation systems - in possi- 
ble combination with ventilator - for the interior rooms have al- 
so improved the ventilation of the whole dwelling in general. 

In case of a greater amount of exhaust air load arousing from 
many visitors to the user, people smoking or an exagerated heat- 
ing up of the rooms a sporadic ventilation by a wide opening of 
the windows for a short time is still absolutely necessary, 
though. 

The basic ventilation by the exhaust system reaches an air 
change rate of 0,3 - 0.5 per hour. A ventilation by window open- 
ing comes up with an air change rate of 1-5 - 3,O per hour de- 
pending on the wind (direction and velocity) and the opening 
time of the windows. 

In the last 10 years the function of the ventilation systems for 
the interior sanitary rooms turns more bad, because the construc- 
tion of new windows becomes more airtight as well in new build- 
ings as in older buildings through reconstruction. Therefore 
there are only little possibilities for the air to come through 
the envelope and the cross ventilation doesn't exist in a ade- 
quate proportion. 

PROBLEMS OF VENTILATION CONCERNING A THREE ROOM DWELLING, 
PARTIALLY FINANCED WITH GOVERNMENT SUBVENTION 

The apartment consists of three rooms, dining place and kitchen 
and interior bathroom and toilet. 

Figure 1 shows a ground plan with cross ventilation according to 
west - east direction. With the wind coming most often from 
southwest till northwest one can expect that the stream of natu- 
ral air will take its way from dining place, kitchen and living 
room over the floor into parents' and children's room. The 
points of exhaust ventilation in kitchen, bathroom and toilet 
will be even more efficient, if during periods of high load of 
exhaust air this air is drawn off additionally by a mechanical 
system. Even if this mechanical aid is used just temporarily, an 
air stream from the bedrooms to the ventilation points as a sort 
of supply air for the interior rooms can arouse. 



I n  case o f  changing wind d i r e c t i o n  o r  an i n s u f f i c i e n t  o r  even 
miss ing v e n t i l a t i o n  i n  bathroom, W.C. and k i tchen,  i t  can happen 
- as shown by  t h e  tu rned around arrows i n  f i g u r e  1 - t h a t  t h e  
supply a i r  stream i s  l e d  from bedrooms t o  t h e  l i v i n g  area. 

The f i g u r e  2, a) - c), presents a c u t  through the  ground p lan  o f  
f i g u r e ' l ,  showing t h e  poss ib le  a i r  streams through t h e  rooms. 
The minimum demand o f  t he  n a t i o n a l  b u i l d i n g  code i s  a s h a f t  ven- 
t i l a t i o n  system w i t h  n a t u r a l  a i r  draught i n  bathroom and W.C. 
There i s  no d e f i n i t e  r u l e  f o r  t h e  k i t chen  as l ong  as being pro- 
vided w i t h  windows - here through t h e  d i n i n g  p lace - b u t  exper i -  
ence recommends a t  l e a s t  t he  same t reatment  f o r  t h e  k i t chen  as 
f o r  t he  i n t e r i o r  s a n i t a r y  rooms. 

The f u n c t i o n  o f  exhaust v e n t i l a t i o n  w i t h  o n l y  n a t u r a l  a i r  
draught ma in l y  depends on t h e  l eng th  o f  t h e  s h a f t  and t h e  d i f f e r -  
ence i n  d e n s i t y  between i n s i d e  and ou ts ide  a i r .  

The stream o f  supply a i r  as w e l l  as the  stream going through t h e  
dwel l ing,  which imp l i es  a l s o  t h e  cont inous stream o f  exhaust a i r  
t o  t he  v e n t i l a t i o n  po in t s ,  i s  i n  t h e  meantime r u l e d  by wind d i -  
rec t i on ,  wind i n t e n s i t y  and by t h e  pressure d i f f e r e n c e  as de- 
scr ibed i n  f i g u r e  2 f o r  t h e  cross v e n t i l a t i o n .  The consequence 
o f  wind calm i s  s tagnat ion  o f  t h e  streams. 

The f i g u r e s  3 and 4 show i n  a d d i t i o n  t o  the  poss ib le  a i r  streams 
the  corresponding humid i t y  streams. As l ong  as cross v e n t i l a t i o n  
reached t h e  l e v e l  o f  t he  a i r  change r a t e  1.0 - 2.0 per  hour, hu- 
m i d i t y  was j u s t  regarded secondar i ly .  With a i r  change r a t e s  now 
being 0.3 - 0.5 per  hour only,  we have t o  concentrate our  spe- 
c i a l  regard on humid i ty  streams, though, s ince  t h e r e  load has i n -  
creased through new windows. Wrong behaviour o f  t h e  users may i n -  
f luence a poss ib le  damage t o  t h e  b u i l d i n g  by condensation o f  hu- 
m i d i t y  w i t h  a f i n a l  development o f  mould growth. 

So fa r ,  i n  f i g u r e s  1 - 4, we saw today's t echn ica l  p o s s i b i l i t i e s  
concerning exhaust v e n t i l a t i o n  f o r  those cases i n  which one 
wants t o  f u l f i l l  j u s t  t h e  minimum demand o f  our  b u i l d i n g  code. 

The exhaust v e n t i l a t i o n  guarantees a constant  standard o f  hygien- 
i c s  i n  t he  rooms w i thou t  i n f l uence  on o r  cons idera t ion  o f  t h e  
bu i l d ing ' s  heat ing. Exhaust a i r  w i l l  be drawn o f f  w i t h  i t s  com- 
p l e t e  heat capac i t y  depending on t h e  room temperature respect ive-  
l y .  This means t h a t  a l l  t he  t ime a c e r t a i n  amount o f  heat  w i l l  
ge t  l o s t  t o  t h e  atmosphere. Consequently we always have t o  sub- 
s t i t u t e  t h e  i n f i l t r a t i o n  heat l oss  arousing from t h i s  type of 
v e n t i l a t i o n  system. 



2.1 Order of n a t u r a l  exhaust shaf t  v e n t i l a t i o n  

The f i g u r e  5 presents i n  a c u t  through a b u i l d i n g  the  f u n c t i o n  
of a n a t u r a l  exhaust s h a f t  v e n t i l a t i o n .  The sha f t s  having t h e  
he igh ts  hl = 5.00 m and h2 = 8.00 m. 

The t a b l e s  o f  f i g u r e  6 present  values o f  t h e  supply a i r  stream 
by window rabbets as a f u n c t i o n  o f  several  a-values. 

I n  f i g u r e  7 values o f  a i r  volume t r a n s p o r t  through shaf ts  a r e  
p l o t t e d  as a f u n c t i o n  o f  outdoor temperature range from - 10 "C 
up t o  + 20 "C and o f  wind v e l o c i t y  a t  4 m/s i n  t h e  diagram and 
are g iven i n  t he  tab le .  

The values o f  t he  t a b l e s  i n  f i g u r e  6 and 7 show tha t ,  f o r  ins tan-  
ce, t h e  stream o f  supply a i r  i n  t h e  l i n e  w i t h  wind v e l o c i t y  o f  4 
m/s w i  11 be w i t h  an a-value o f  1,O = 1,24 m3/h,m. Presuming a to -  
t a l  l e n g t h  o f  15 m f o r  t h e  window rabbets o f  t he  apartment, con- 
s idered i n  t h e  ground p lan  o f  f i g u r e  1, and fur thermore presum- 
i n g  t h e  ou ts ide  a i r  stream coming from one s ide  w i t h  p o s i t i v e  
pressure only ,  an amount o f  19 m3/h o f  ou ts ide  a i r  as supply a i r  
f o r  t he  d w e l l i n g  w i l l  r e s u l t .  

The ground p l a n  i n  f i g u r e  1 comprehends f o r  k i t chen  and f o r  bath- 
room and t o i l e t  one s h a f t  each. For a s u f f i c i e n t  exhaust v e n t i l a -  
t i o n  o f  t h e  dwe l l i ng  an a i r  change o f  2 x 60 m3/h = 120 m3/h i s  
necessary. 

2.2 Summary 

The outdoor  temperature ranging a t  + 5 "C and below and the  wind 
v e l o c i t y  reaching 4 m/s those two sha f t s  described i n  f i g u r e  5 
cannot guarantee the  necessary a i r  change. 

Our experience proved t h a t  i n  such a c o n s t e l l a t i o n  e i t h e r  a d d i t i -  
onal window opening o r  support by a v e n t i l a t o r ,  which has t o  be 
operated a t  l e a s t  temporar i ly .  a re  necessary t o  keep up the  m in i -  
mum cond i t ions .  



2.3 Streams o f  a i r  and humid i ty  i n  a  d w e l l i n g  w i t h  k i t chen  and bath- 

room on t h e  ou ts ide  

I n  f i g u r e  1  k i tchen,  bathroom and t o i l e t  were arranged as i n t e r i -  
o r  rooms. The ki tchen, however, designed as k i tchen-d in ing  room 
can rece ive  window a i r  and l i g h t  from the  d i n i n g  p lace  w i t h  the  
need o f  a  s h a f t  v e n t i l a t i o n  system. 

Now i n  f i g u r e  8 we see a  ground p lan  i n  which bo th  k i t chen  and 
bathroom a re  l y i n g  on the  outs ide,  so they have windows. There- 
f o r e  the  necessary a i r  change can be prov ided by opening t h e  
window only. 

Values concerning t h e  ground p lan  i n  f i g u r e  8 o f  supply a i r  
stream, which depends on the  wind cond i t ions ,  and values o f  humi- 
d i t y  streams a re  g iven i n  f i g u r e  9. 

Supply a i r  f i n d s  i t s  way i n t o  k i tchen,  bathroom, parents '  bed- 
room and then loaded w i t h  humid i ty  and wasted a i r  i t  streams as 
exhaust a i r  through l i v i n g  room and ch i ld ren 's  room t o  the  enve- 
lope o f  t h e  b u i l d i n g  w i t h  t h e  negat ive  pressure. 

F igure  10 shows the  change i n  wind d i r e c t i o n  and f o l l o w i n g l y  i n  
pressure a  s i t u a t i o n  r e s u l t s ,  i n  which exhaust a i r  stream and 
humid i ty  stream as w e l l  have changed, too, according t o  the  new 
d i r e c t i o n .  

Both f i g u r e s  9 and 10 prove t h a t  i n  t h i s  dwe l l i ng  t h e r e  w i l l  a l -  
ways be a  c e r t a i n  d i s t u r b i n g  load o f  humid i ty  and several  o- 
dours. F igu re  9 revea ls  the  somewhat inconvenient  s i t u a t i o n ,  es- 
p e c i a l l y  f o r  t he  users o f  l i v i n g -  and ch i ld ren 's  room as f a r  as 
the  a i r  cond i t i ons  a re  concerned. 

2.4 Streams o f  a i r  and humid i ty  i n  a  dwe l l i ng  w i t h  mechanical v e n t i -  

l a t i o n  

Considering t h e  h a f t  v e n t i l a t i o n  above, i t  was mentioned t h a t  
i n  case o f  an i n s u f f i c i e n t  f u n c t i o n  o f  na tu ra l  draught an a d d i t i -  
onal v e n t i l a t o r  becomes necessary. 

The sha f t s  i n  t he  ground p lan  o f  f i g u r e  1 being equipped w i t h  ex- 
haust v e n t i l a t o r s  one can reach, presuming a  s u f f i c i e n t  arouse1 
o f  negat ive pressure, a  supply a i r  stream through the  window rab- 
bets on a l l  s ides and no t  o n l y  on the  s ide  o f  t he  b u i l d i n g  w i t h  
the  p o s i t i v e  pressure. 



Looking back to the f~gures 3 and 4, 9 and 10, we realize that 
there we had an effective stream of supply air on the side with 
positive pressure, only. 

Completing the ground plan of figure 1 by installation of venti- 
lators we find the air and humidity streams presented in figure 
11. 

The supply air streaming into the apartment takes the exhaust 
and humidity load out of the living-, parents'- and children's 
room over to the ventilation points in the kitchen and in the 
bathroom and toilet, where it is drawn off. 

There is no possibility that - as with the natural shaft ventila- 
tion system - exhaust air may stream from the sanitary rooms 
back over to the living area. However, we cannot exclude the e- 
ventual necessarity of an additional window ventilation in terms 
of sporadic ventilation in those cases of an overflow of exhaust 
air, for instance many visitors or smokers being in the rooms. 
If it is made use of this sporadic ventilation, there again we 
have to cope with the disadvantage of exhaust air being exchang- 
ed between the rooms. 

So far we have proved that the mechanical exhaust ventilation 
compared to just natural air draught leads to a considerable im- 
provement of air and humidity values in a dwelling. 

That situation of a mechanical exhaust ventilation can be improv- 
ed even more by installation of a balanced ventilation. 

The figure 12 presents, refering to the ground plan of figure 1, 
the arrangement of a balanced ventilation system, comprehending 
a mechanical exhaust and a mechanical supply ventilation as 
well. Air and humidity streams shown in figure 12. 

The whole volume of air stream is 180 m3/h for supply and ex- 
haust air respectively. This means an air change rate of 0.8 per 
hour for the dwelling. 

supply air exhaust air 
norma 1 1 y switch over 

rooms day night 
m3 /h m y h  m3 /h rn3/h 

living room 6 0 80 40 -- 
dining room 4 0 6 0 2 0 -- 
kitchen -- -- -- 100 
children 's room 40 2 0 6 0 -- 
parent's room 40 2 0 6 0 -- 
bathroom -- -- -- 50 
toilet -- -- -- 3 0 

amount 180 180 180 180 



The table shows the volumes of the streams related to the sever- 
al rooms. 

A reduction of the volumes of air stream during the night period 
may be performed by appropriate mechanical or electrical connec- 
tions. 

In the summer month the mechanical supply ventilation can be 
switched off also during day time while it is then substituted 
by window ventilation. 

Besides the fact that balanced ventilation will guarantee a con- 
tinuous drawing off of humidity and exhaust load, there is the 
possibility to combine it with a heat recovery. 

2.5 Values of humidity measured in dwellings with different venti- 

lation systems 

The diagrams of figure 13 present values of absolute humidity in 
the course of four consecutive days in January. The values were 
measured in two dwellings with the type of ground plan shown in 
figure 1, both having shaft ventilation in bathroom and toilet, 
however, no one in the kitchen. 

One can well perceive the different behaviours of the users con- 
cerning the window opening. The apartment 3. floor left has the 
highest values of absolute humidity, so one may conclude that 
there had been little window ventilation by the users. 

The living room has relatively low values of humidity. Users af- 
firmed our presumption that the room most likely had been used 
rather seldom. 

The curves of figure 14 show values of absolute humidity measur- 
ed in two dwellings, one of which was equipped with mechanical 
exhaust ventilation - 1. floor left - the other one with balanc- 
ed ventilation - 2. floor right. 

Since these measurements have been taken at the same time as 
those shown in the diagram before we can compare them under the 
aspect of absolute humidity values. 

All rooms being provided with balanced ventilation obviously 
showed the lowest values of absolute humidity. 

The dwelling with mechanical exhaust ventilation only has higher 
values than the one mentioned before with the balanced ventila- 
tion; however, its values in the bedrooms are still found to be 
lower than those given in diagram of figure 13, where we had 



na tu ra l  s h a f t  v e n t i l a t i o n  only. 

3. CONCLUSION 

The previous p i c t u r e s  and diagrams proved t h a t  values o f  a i r  and 
humidi ty  streams can obv ious ly  be looked upon as a f u n c t i o n  o f  
t he  d i f f e r e n t  v e n t i l a t i o n  systems t h e  dwel l ings are  equipped 
with. 

Furthermore user's behaviour has a c e r t a i n  i n f l uence  on t h e  
curves o f  absolute humid i ty  i n  t h e  d i f f e r e n t  rooms w i t h i n  t h e  
same apartment as w e l l  t o  be perceived from t h e  example shown i n  
f i g u r e  13. 

We should emphasize t h a t  e s p e c i a l l y  i n  those bedrooms which were 
v e n t i l a t e d  r a t h e r  and the re fo re  showing h igh  values o f  absolute 
humidi ty  i n  consequence, the re  was i n  s p i t e  o f  double glassed 
windows a condensation and mould growth t o  be seen. 

The balanced v e n t i l a t i o n  as described i n  f i g u r e  12 should be in -  
s t a l l e d  i n  b u i l d i n g s  because o f  hyg ien ic  and energet ic  reasons 
as we l l  as t o  avoid humid i ty  problems. 
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