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1 .  I n t roduc t ion  

Some yea r s  ago, people r e a l i z e d  t h a t  energy from f o s s i l e  f u e l  was,  

g e t t i n g  more and more sca rce .  To save energy, p o s s i b i l i t i e s  were 

sought t o  l i m i t  t h e  energy consumption f o r  house hea t ing .  I n  ex t ens ive  

s t u d i e s  and ana lyses ,  i n v e s t i g a t o r s  cons t an t ly  h i t  upon t h e  ques t ion  

how much v e n t i l a t i o n  c o n t r i b u t e s t o  the  t o t a l  energy consumption of 

t he  h e a t i n g  of a  dwell ing.  This can only  be est imated o r  ca l cu la t ed  

v e r y  roughly.  

Very few measured va lues indwel l ingsareavai lable .  From l i t e r a t u r e ,  

something i s  known about t h e  range of v e n t i l a t i o n  r a t e s ,  bu t  t h e  

r e l a t i o n s h i p  between the  meteoro logica l  parameters:  wind v e l o c i t y ,  

wind d i r e c t i o n ,  outdoortemperature and t h e  n a t u r a l  v e n t i l a t i o n  i n  

dwel l ings  i s  n o t  y e t  known. The meteoro logica l  wind v e l o c i t y  a lone  

proved t o  be  i n s u f f i c i e n t  t o  p r e d i c t  t h e  v e n t i l a t i o n  r a t e .  The aim of 

t h i s  i n v e s t i g a t i o n  i s  t h e r e f o r e  t o  s tudy  the  r e l a t i o n  between t h e  

meteoro logica l  cond i t i ons  and the  r e s u l t i n g  p re s su re  d i f f e r e n c e s  on 

t h e  b u i l d i n g  and f o r t u i t o u s  openings o r  s p e c i a l l y  provided a p e r t u r e s  

i n  t h a t  b u i l d i n g ,  such a s  c racks ,  ventilation-windows o r  - g r i l l s ,  

v e n t i l a t i o n  s h a f t s  and t h e  r e s u l t i n g  n a t u r a l  v e n t i l a t i o n .  Furthermore, 

we s t u d i e d  t h e  p o s s i b i l i t y  of developing a  u s e f u l  c a l c u l a t i o n  model 

t o  p r e d i c t  t h e  v e n t i l a t i o n  a s  a  f u n c t i o n  of wind v e l o c i t y ,  wind d i r e c t i o n  

and s t a c k  e f f e c t .  

This r e l a t i o n s h i p  i s  s chema t i ca l ly  r ep re sen ted  i n  f i g u r e  1 .  

Because t h e  occupant c o n t r o l s  o r  i n f luences  v e n t i l a t i o n  by opening 

o r  c l o s i n g  windows and door s ,  i t  i s  necessary  f o r  a  good understanding 

of t h e  a c t u a l  v e n t i l a t i o n r a t e  t o  become acquainted wi th  the  occupant 's  

u se  of t h e  v e n t i l a t i o n  p r o v i s i o n s .  One p a r t i c u l a r  dwel l ing  was c h o s a f o r  

t h e  i n v e s t i g a t i o n  because a  l o t  was known a l r eady  about  energy consumption 



there. 

2. Description of the object of investigation. 

In Kijkduin (municipality of The Hague), there are blocks of flats 

on the first row of dunes seen from the North Sea. An occupant of one 

of them was interested in the energy problem and record the gas consumption 

weekly during a heating season and even daily during another heating 

season. 

This flat has become an object for a detailed study of the energy 

consumption connected with the heating of houses. In all studies, 

special attention is called to the question whether it would be 

possible to make an explicable energy balance of a house. It was obvious 

that the flat mentioned above would be chosen as a study object for these 

ventilation measurements. 

Data of the flat: 

floor area :about 100 m2 

volume (gross) :about 260 m3 

situation:near the coast (about 250 m distance) 

one wall facing SE (living-room). 

one wall facing SW (living-room and bedroom) 

one wall facing NW (bathroom and kitchen) 

3rd and highest storey 

heating: hot water central heating with natural gas 

boiler capacity 17 ,4  kW 

venti1ation:ventilation windows and ventilation shafts "shunt systemv? 

in bathroom, kitchen and W.C. 

ventilation grill between bathroom and corridor 

Figure 2, 3 and [I 

The data of this exceptionally situated dwelling are not suited for 

a generally useful evaluation of the energy consumption caused by 

ventilation. Therefore, the measured values can only be seen as one 

of many possibilities occuring in practice. 



3 .  Measurements 

3.1 Measuring programme 

Measurements made on t h i s  f l a t  dur ing  s e v e r a l  months: 

- p r e s s u r e  differences:between t h e  i n s i d e  of t h e  f l a t  and 

t h e  o u t s i d e  of the  t h r e e  w a l l s  mentioned 

o u t l e t  of t h e  s h a f t s  on t h e  roof 

o u t s i d e  of t h e  f rontdoor  

- t empera tures :a t  t h e  e x t e r n a l  w a l l s  

on the  roof 

i n  t he  s t a i r c a s e  

i n  t he  c o r r i d o r  of t h e  f l a t  

- p o s i t i o n  of windows and doors (closed o r  opened). 

To ta l  t ime of measurements about  300 hours .  

v e n t i l a t i o n  r a t e s  : The f l a t  was considered t o  be  one room. 

( a l l  doors  i n  t he  f l a t  open).  

I n  t o t a l ,  21 v e n t i l a t i o n  r a t e  measurements (of which 7x wi th  open 

windows) were c a r r i e d  o u t  w i t h  a  t o t a l  measurement time of about 70 hours.  

For t h e  s i t u a t i o n  of t h e  measuring p o i n t s ,  s e e  f i g u r e  2 .  

A l l  d a t a  was recorded by an  incremental  d a t a  r eco rde r  and o f f  l i n e  

processed w i t h  a  computer. ( f i g *  5 ) .  

The a i r  t i g h t n e s s  of c r a c k s  of windows and doors e t c .  i n  t h e  w a l l s ,  

and t h e  o u t l e t  openings of n a t u r a l  v e n t i l a t i n g  s h a f t s  above t h e  

r o o f ,  was a l s o  determined. ( f i g .  f end 7 ) .  

During one week, t h e  r e l a t i v e  humidity i n  k i t chen ,  c o r r i d o r ,  l i v ing -  

room and a t  one e x t e r n a l  wa l l  was measured. The humidity d a t a  have no t  

y e t  been analysed and w i l l  n o t  y e t  be considered.  

4 ,  Resu l t s  

Not a l l  measuring d a t a  have been worked o u t  and analysed y e t .  We now 

s h a l l  d i s c u s s  t he  d a t a  which have been processed.  

Often t h e  r e s u l t s  have been considered i n  r e l a t i o n  t o  t h e  meteoro logica l  

cond i t i ons .  The d a t a  f o r  t h e s e  cond i t i ons  came from t h e  w e a t h e r s t a t i o n  

of t h e  Royal Dutch M e t e o r . I n s t i t u t e  (KNMI) i n  Hook of Holland. 



This  s t a t i o n  has about t he  same p o s i t i o n  t o  t h e  c o a s t l i n e  a s  t h e  

b u i l d i n g  i n  ques t ion .  The d i s t a n c e  between t h e  meteorological  s t a t i o n  

and t h e  b u i l d i n g  i s  about 15 Ism. 

4 .1  P re s su re  measurements ..................... 
The r e s u l t s  of t he  p re s su re  measurements a r e  g ive  i n  f i g u r e s  8 t o  12. 

The p r e s s u r e  d i f f e r e n c e s  a r e  a l l  considered i n  r e l a t i o n  t o  t h e  p re s su re  

o u t s i d e  t h e  SE w a l l  on which t h e  living-room i s  loca t ed .  This  f i g u r e s  

l e a d  t o  t h e  fo l lowing  remarks : 

- t h e  p re s su re  s t r o n g l y  depends on the  wind d i r e c t i o n ;  

- t h e  minima, and maxima of t h e  p re s su re  d i f f e r e n c e s  can c l e a r l y  

b e  explained by t h e  form of t h e  b u i l d i n g ;  

- t h e  flow d i r e c t i o n  can  be determined from the  p re s su re  d i f f e r e n c e s  

between w a l l  o r  roof and t h e  i n s i d e  p re s su re  of t he  f l a t .  . 

4 .2  A i r  leakage measurements -------- ------------- 
The r e s u l t s  of t h e  a i r  leakage measurements of t h e  e x t e r n a l  wa l l  and the  

s h a f t s  a r e  represented  i n  f i g u r e s  1 3  t o  19.  Remarks: 

- Not only  t h e  c racks  of t h e  movable p a r t s  i n  t h e  w a l l s  b u t  a l s o  

t h e  j o i n t s  between t h e  window-frame and t h e  w a l l  h igh ly  determine 

t h e  a i r t i g h t n e s s .  

- There a r e  only  small  d i f f e r e n c e s  i n  t h e  leakage w i t h  windows and doors 

pressed  a g a i n s t  t he  windowframe and pressed from t h e  windowframe. 

- The cracks  of t h e  v e n t i l a t i o n  windows and of t h e  doors  may be considered 

a s  very  t i g h t ,  according t o  Dutch s t anda rd .  

4 .3  V e n t i l a t i o n  r a t e  measurements ............................. 
I n  f i g u r e  20 ,  t h e  v e n t i l a t i o n  r a t e s  a r e  p l o t t e d  a g a i n s t  t he  meteorological  

wind v e l o c i t y .  There i s  no c l e a r  l i n e a r  r e l a t i o n s h i p  between t h e  meteoro- 

l o g i c a l  wind v e l o c i t y  and t h e  measured v e n t i l a t i o n  r a t e .  I n  f i g u r e  21,  the 

v e n t i l a t i o n  r a t e s  a r e  p l o t t e d  a g a i n s t  a  wind v e l o c i t y  co r r ec t ed  f o r  t he  

l o c a l  roughness of t he  b u i l d i n g  i n  Kijkduin.  With t h i s  c o r r e c t i o n  

the  in f luence  of surrounding b u i l d i n g s  and dunes t o  t h e  wind v e l o c i t y  

a t  t h e  l o c a t i o n  has been taken i n t o  account ,  



Remarks wi th  t h e  f i g u r e s :  

- t h e  v a r i a t i o n  i n  t he  measured v e n t i l a t i o n  r a t e s  i s  r a t h e r  l a r g e ,  

- i f  t h e  roughness of t h e  surroundings and t h e  wind d i r e c t i o n  a r e  taken 

i n t o  cons ide ra t ion ,  t h e r e  i s  a  c l e a r  l i n e a r  r e l a t i o n s h i p  w i t h  t h e  

wind v e l o c i t y ,  

Remark: t h e  in f luence  of t h e  thermal f o r c e s  has  n o t  y e t  been taken 

i n t o  cons ide ra t ion .  

4 .4  Window-opening h a b i t  -------- ---- ------ 
It is t r i e d  t o  f i n d  r e l a t i o n s h i p s  between the  p o s i t i o n  of windows and 

doors  and t h e  wind v e l o c i t y ,  the  wind d i r e c t i o n  and t h e  outdoor 

temperature.  The in f luence  of t h e  t e n a n t  h a b i t  on t h e  p re s su re  d i f f e -  

rences  can b e  deduced from f i g u r e  2 2 .  

The p r e s s u r e  d i f f e r e n c e  between the  k i t c h e n - w a l l  and i n s i d e  t h e  f l a t  

i s  n e a r l y  zero a t  wind d i r e c t i o n s  from North t o  South-West. This means 

t h a t  t h e  p r e s s u r e  d i f f e r e n c e  i s  zero i f  t h i s  w a l l  i s  on t h e  12ewardside 

This  may b e  explained by t h e  n e a r l y  c o n s t a n t l y  opened bathroomwindow, 

except  when t h e  wind i s  s t rong  and blows from d i r e c t i o n s  between 

Southwest and North. 

I n  t h i spa rag raph  we w i l l  d i s cuss  the  r e l a t i o n s h i p  between t h e  a i r -  

volume f low c a l c u l a t e d  from t h e  p re s su re  and a i r  leakagemeasurements and 

t h e  a i r  volume flow t o  be c a l c u l a t e d  from the  measured v e n t i l a t i o n  r a t e .  

To t h i s  end, t h e  f l a t  was modelled a s  g iven  i n  f i g u r e  2 3 .  This r e l a t i o n -  

s h i p  has  been p l o t t e d  f o r  a  per iod  of 65 hours i n  f i g u r e  24. The a i r  

volume f low through j c in t sand  c racks  i n  t he  w a l l s  i n t o  t h e  f l a t  a s  

c a l c u l a t e d  from t h e  p re s su re  d i f f e r e n c e  and a i r  leakage i s  compared wi th  

the  a i r , -vo lume flow a s  c a l c u l a t e d  from t h e  v e n t i l a t i o n  r a t e ,  From t h e  f i g u r e .  

i t  appears  t h a t  t h e  v a r i a t i o n  i s  r a t h e r  l a r g e .  It must be noted ,  however, 

t h a t  t h i s  v a r i a t i o n  i s  c a l c u l a t e d  wi th  only  one p re s su re  measuring 

p o i n t  f o r  each e x t e r n a l  s u r f a c e  of a  wal1,whereas t h e  openings i n  

t h e  w a l l s ,  c o n t r a r y  t o  t h e  expec ta t ion ,  were d i s t r i b u t e d  a l l  over  t he  

s u r f a c e  of  t he  w a l l s .  



Prov i s iona l  Conclusions. 

- The p re s su re  d i f f e r e n c e s  vary  s t rong ly  and a r e  h igh ly  dependent on 

the  wind d i r e c t i o n .  

- The un t igh tnes s  of the  walls ,  is  n o t  l i m i t e d  t o  t he  c racks  of 

t h e  movable p a r t s  of t he  windows and doors i n  t h e  w a l l s .  Windowframe 

j o i n t s  seem t o  be a l s o  a n  important p a r t .  

- It appears  t o  be p o s s i b l e  t o  p r e d i c t  t h e  v e n t i l a t i o n  r a t e  f a i r l y  

a c c u r a t e l y  from the  wind v e l o c i t y  ( s ee  f i g u r e  2 1 ) .  Then, however, 

t h e  wind v e l o c i t y  must be  co r r ec t ed  thus  t h a t  t h e  in f luence  of t h e  

surroundings of t he  b u i l d i n g  concerned a r e  taken i n t o  account.  

- The i n f i l t r a t i o n  of a i r '  t o  t he  f l a t  through t h e  openings i n  t h e  w a l l s  

c a l c u l a t e d  from t h e  measured p re s su re  d i f f e r e n c e s  and t h e  measured 

t i g h t n e s s  agree  r a t h e r  w e l l  w i t h  t h e  volume flow c a l c u l a t e d  from 

t h e  measured v e n t i l a t i o n  r a t e .  

- The t enan t  h a b i t a t i o n  thbugh no t  y e t  completely analysed,  must b e  

considered a s  ve ry  important .  

- For t h e  p r e d i c t i o n  of t h e  enery consumption of a  house by v e n t i l a t i o n ,  

i t  i s  n o t  c o r r e c t  t o  assume a  l i n e a r  r e l a t i o n s h i p  w i t h  t h e  meteorological  

wind v e l o c i t y .  
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