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SUMMARY 

Th i s  parameter  s tudy  w i t h  the IMG c a l c u l a t i o n  model f o r  v e n t i l a t i o n  

i s  a n  a t t empt  a t  forming some background f o r  dec i s ions  r e l a t i n g  t o  t he  

p r e p a r a t i o n  of a s t anda rd  i n  t he  Netherlands.  

From t h e  r e s u l t s  one can  s e e  t h a t  a i r  t i g h t n e s s  and t h e  h e a t  l o s s  

caused by i n f i l t r a t i o n  cannot be cons idered  a s  a s imple l i n e a r  

r e l a t i o n s h i p .  

P u b l i c a t i o n  no. of t he  TNO Research I n s t i t u t e  f o r  Environmental 

Hygiene, P.O. Box 214, 2600 AE D e l f t ,  the  Netherlands. 



INFLUENCE OF DIFFERENT PARAMETERS ON INFILTRATION AND INFILTRATION 

HEAT LOSS . a 

1 .  INTRODUCTION 

A i r  i n f i l t r a t i o n  plays an important p a r t  i n  our endeavour t o  save 

energy i n  dwell ings.  

Designing f o r  minimum a i r  i n f i l t r a t i o n  sounds l i k e  a wish. 

Considering the  words design and minimum a i r  i n f i l t r a t i o n ,  several 

quest ions a r i s e  : 

- Where does one s t a r t ?  

Is i t  necessary t o  develop a  complete new s t r u c t u r a l  design f o r  

minimum a i r  i n f i l t r a t i o n ,  o r  can t h e  normal bu i ld ing  p r a c t i c e  be 

improved? 

I f  improving the  normal bu i ld ing  p rac t i ce ,  what d e t a i l s  come f i r s t ?  

- How f a r  must one go? 

There must be  a  minimum amount of v e n t i l a t i o n ,  b u t  i n f i l t r a t i o n  

may not d i s t u r b  normal control led  na tu ra l  v e n t i l a t i o n .  

Is i t  c o s t  e f f e c t i v e  t o  improve the a i r  t ightness  of dwellings? 

- What a re  t h e  consequences? 

What a r e  i n  the  f i r s t  place the  e f f e c t s  on i n f i l t r a t i o n ?  

Second, what a r e  the  e f f e c t s  on a i r  qua l i ty?  

Third,  what e f f e c t s  can be expected on man's behaviour as  concerns h i s  

use of v e n t i l a t i o n  provisions such as  windows, vents  and g r i l l e s ?  

I s  adapta t ion i n  behaviour neccesary? 

- What i s  t h e  e f f e c t ?  

Do we save energy and how much? 

I n  the Netherlands a  standard on a i r  t ightness  of housing i s  i n  

prepara t ion,  This paper i s  an  attempt t o  form some background f o r  

decis ions .  

INVESTIGATIONS 

2.1 The c a l c u l a t i o n  model 

The i n v e s t i g a t i o n  can be seen as  a  parameter study with the IMG c a l c u l a t i o n  



model f o r  v e n t i l a t i o n  and i n f i l t r a t i o n  i n  bu i ld ings .  

The p r i n c i p l e s  of t h i s  model a re  descr ibed i n  l i t e r a t u r e  C 1 1 .  The 

mathematical model i s  a  s imulat ion of a l l  a i r  paths i n  the  bui ld ing.  

For example, the  cracks ,  jo in ts  and seams of windows, doors and 

o t h e r  cons t ruc t ion  d e t a i l s ,  the  g r i l l e s ,  vents  e t c .  intended f o r  

v e n t i l a t i o n  and a  mechanical v e n t i l a t i o n  system can be  simulated.  

The input  d a t a  concerning: 

- wind pressures  

- a i r  temperatures 

- charac te r i s  tics of  cracks,  j o i n t s ,  seams, ven t s ,  windows, ducts  

and o the r  openings. 

- f a n  c h a r a c t e r i s t i c s .  

2.2 Present  s i t u a t i o n  

The b e s t  es t imate  of the  a i r  t igh tness  of  houses i n  the  Netherlands 

i s  given i n  f i g u r e  1 C21. The mean value i s  0,1 m 3 / s  a t  1 Pa, which 

means t o  an a i r  change r a t e  of about 12 a t  5C Pa. I n  f igure  2 ,  the  

f l o o r p l a n  and the  cross  s e c t i o n  of  the  r e fe rence  house a r e  shown. 

It can be considered a  typ ica l  house i n  the  Netherlands. For t h i s  

house a  model has been made as schematical ly presented i n  f i g u r e  3. 

Nine rooms wi th  twenty-four a i r  leakages make up the model. I n  f igure  4,  

t h e  assumed temperatures i n  the  dwell ing a r e  shown. Figure 5  shows the  

d i s t r i b u t i o n  o f  the  a i r  leakage over the  ou t s ide  "shell"  o r  bu i ld ing  

envelope C31. With these f igures  i n  mind we s t a r t  our parameter study. 

2.3 Parameters 

The following parameters have been s tud ied :  

- wind ve loc i ty  (meteorological) ,  0  - 10 m/s 

- wind d i r e c t i o n ,  0 - 360 O ,  s t eps  of 20 

- outs ide  temperature, 0 - 15 O C  

- a i r  t igh tness ,  r e t r o f i t t i n g  of f l o o r ,  roof and i n t e r n a l  doors.  

- surroundings, a  house, exposed t o  wind. 

a  house surrounded i n  a l l  d i r e c t i o n s  by houses with 

the same height ,  a  house surrounded by houses withthe 



same he igh t  and f l a t b u i l d i n g s  up t o  about 20 m 

(mild wind c l imate) .  

3. RESULTS 

3.1 Wind v e l o c i t y  

I n  f igure  6 ,  the  i n f i l t r a t i o n  r a t e s  and i n f i l t r a t i o n  h e a t  losses  a r e  

shown f o r  t h e  r e fe rence  house i n  the  exposed wind s i t u a t i o n .  Under 

average weather  condi t ions ,  5 m / s  and 5 OC, the  i n f i l t r a t i o n  through 

the  f a b r i c  is about 1 (h-I). The b a s i s  o r  the  dutch v e n t i l a t i o n  

standard i s  7 dm3/s pe r  person C41. Without opening any window, 

the  i n f i l t r a t i o n  has a l ready a l a r g e  overshoot i n  r e l a t i o n  t o  the  . 

minimum f r e s h  a i r  requirements.  An a i r  i n f i l t r a t i o n  r a t e  of 1 (h-I) 

equals  a flow r a t e  of  84 dm3/s, a t  a volume of 300 m3, which is 

s u f f i c i e n t  f o r  12 persons. The corresponding i n f i l t r a t i o n  h e a t  l o s s  

i s  about 1 , 3  kW. 

Between 0 and 2 m / s ,  buoyancy e f f e c t s  dominate. From about 5 m / s  

and up wind e f f e c t s  dominate. Between 2 and 5 m / s  the  inf luences  of  

both buoyancy and wind i n t e r a c t .  

3.2 Outside temperature 

I n  f igures  7 and 8 ,  t he  a i r  i n f i l t r a t i o n  r a t e  and the  i n f i l t r a t i o n  

hea t  loss  a r e  p l o t t e d  aga ins t  ou t s ide  temperature. For average 

weather condi t ions  with a wind ve loc i ty  of around 5 m / s  and ou t s ide  

temperatures of 0 t o  15 O C  during the  hea t ing  season, the  r a t e  of 

i n f i l t r a t i o n  can be considered a s  l i n e a r  t o  the outs ide  temperature. 

For wind v e l o c i t i e s  lower than 5 m / s  and temperatures between 10 

and 20 O C ,  t h i s  r e l a t i o n s h i p  i s  non-linear.  Thk r e l a t i o n s h i p  between 

outs ide  temperature and i n f i l t r a t i o n  hea t  loss  can be considered as  

l i n e a r  f o r  temperatures lower than 10 O C .  



3.3 A i r  leakage 

I n  f i g u r e  9 ,  the  a i r  leakage d i s t r i b u t i o n  i s  given a f t e r  r e t r o f i t t i n g  

the  roof .  The a i r  leakage i s  reduced t o  57 % of the  a i r  leakage of  

the  r e fe rence  house corresponding t o  an a of about 7.  Figure 10 5 0 
shows the  a i r  leakage d i s t r i b u t i o n  a f t e r  r e t r o f i t t i n g  the  f l o o r .  

The a i r  leakage i s  reduced t o  85 % of t h e  reference  value.  The 

corresponding a value i s  about 10. I n  f i g u r e  1 1 ,  both f l o o r  and 50 
roof a r e  r e t r o f i t t e d .  The a i r  leakage i s  42 % of the  reference  value, 

which equals  a n  a of about 5.  These three  r e t r o f i t s  a r e  assumed 5 0 
t o  reduce the  o r i g i n a l  leakage t o  zero.  This seems a b i t  o p t i m i s t i c .  

A m r e  r e a l i s t i c  a i r  leakage d i s t r i b u t i o n  i s  given i n  f i g u r e  12. 

The a i r  leakage of roof and f l o o r  has been reduced t o  20 % of t h e i r  

o r i g i n a l  value.  This leads t o  an a i r  leakage value f o r  the  whole 

house of 54 % of the  reference  house, corresponding t o  an a of 5 0 
about 6 .  Comparing the  a i r  leakage of such a house t o  the  Swedish 

standard of a <3, the  a i r  leakage of the  whole house has t o  be 
5 0 

reduced by t h a t  of the  na tu ra l  v e n t i l a t i o n  ducts ( i n  t h i s  case 3 4 ) ,  

with an a o f  about 2,4 a s  a r e s u l t .  
5 0 

The r e s u l t s  of these r e t r o f i t s  i n  terms of i n f i l t r a t i o n  r a t e s  and 

i n f i l t r a t i o n  h e a t  l o s s  can be seen i n  f i g u r e  13. The r e a l i s t i c  

model gives under the  average weather condit ions (5 m/s, 5 O C )  an 

i n f i l t r a t i o n  r a t e  of 0 ,5  (h-I) and an i n f i l t r a t i o n  h e a t  loss  of  700 W. 

I n  f igure  14, the  e f f e c t  of a i r  t i g h t  i n t e r n a l  doors i s  shown. 

A i r  t i g h t  i n t e r n a l  doors give a reduct ion  of the  a i r  leakage value 

up t o  20 %. The e f f e c t  a t  t h i s  l e v e l  of ex te rna l  leakages i s  r e l a t i v e l y  

smal l .  

3.4 Wind d i r e c t i o n  

The inf luence  of the  wind d i r e c t i o n  on the  i n f i l t r a t i o n  r a t e  i s  given 

i n  f igure  15. 

For the  house as a whole the  v a r i a t i o n  i s  r a t h e r  small .  The h ighes t  

value is about  1 (h-'1, the lowest about 0 , 7  (h-I) 

Looking a t  two opposi te  bedrooms the  e f f e c t  of the wind d i r e c t i o n  i s  

impressive. 



The low values  of i n f i l t r a t i o n  occured with the bedrooms s i t u a t e d  a t  

the  leeward s i d e .  An example of t h e  d i s t r i b u t i o n  of a i r  through 

a dwelling can be seen i n  f igure  16. These e f f e c t s  must be kept  i n  

mind when considering r e t r o f i t s  on air leakages. A consequent and 

conscious use of g r i l l e s  and vents  w i l l  be necessary t o  reach minimum 

v e n t i l a t i o n  s tandards .  Enlightenment campaigns t o  occupants of these  

houses a r e  necessary t o  avoid bad indoor a i r  q u a l i t y  s i t u a t i o n s .  

3.5 Surroundings 

The e f f e c t  of the  surroundings on wind exposure and on i n f i l t r a t i o n  

r a t e s  is  shown i n  f i g u r e  17. This f i g u r e  teaches us,  t h a t  the  e f f e c t  of 

surrounding bu i ld ings  i n  an  absolute  sense is more important f o r  

leaky houses then f o r  a i r - t i g h t  houses. 

4 .  DISCUSSION 

I n  the f i g u r e s  18 and 19, the i n f i l t r a t i o n  and i n f i l t r a t i o n  hea t  losses  

a r e  p lo t t ed  a g a i n s t  r e l a t i v e  a i r  leakage. These r e s u l t s  a r e  ca lcu la ted  

i n  the s i t u a t i o n  with a l l  windows closed,  a wind ve loc i ty  of 5 m / s  

and an ou t s ide  temperature of 5 O C .  As  can b e  seen from f igure  18, 

there  i s  no l i n e a r  r e l a t i o n s h i p  between a i r  i n f i l t r a t i o n  r a t e  and 

a i r  leakage C51. I f  t h e r e  i s  no leakage i n  the f l o o r  the r e l a t i v e  

a i r  leakage i s  85 % and the  a i r  i n f i l t r a t i o n  r a t e '  i s  0,7 (h-'1. 

Reducing the  a i r  leakage through the  roof t o  zero gives a r e l a t i v e  a i r  
- 1  

leakage of 57 % and a l s o  an a i r  i n f i l t r a t i o n  r a t e  of 0,7 (h ). 

The corresponding i n f i l t r a t i o n  h e a t  losses  a r e  900 W and 1000 W, 

respecively . The higher  hea t  l o s s  appl ies  t o  the lower a i r  leakage 

The reasons f o r  t h i s  a r e  : 

- d i s t r i b u t i o n  of a i r  leakage over the  bui ld ing envelope I n  r e l a t i o n  

with 

- d i s t r i b u t i o n  of a i r  pressures over the  bu i ld ing  

- temperature d i s t r i b u t i o n  i n  the house. 

The overa l l  conclusion of t h i s  considerat ion must be: 



Different  r e t r o f i t s  wi th  the same e f f e c t  on a i r  leakage can have 

complete incomparable e f f e c t s  on air i n f i l t r a t i o n  and i n f i l t r a t i o n  

h e a t  loss .  

5. CONCLUSIONS 

1 .  The e f f e c t s  of  wind ve loc i ty  and temperature d i f ference  on 

i n f i l t r a t i o n  a r e  both non-linear. However, wi th in  c e r t a i n  limits and 

with some inaccuracy they can be considered l i n e a r  ( f igures  6 ,7  

and 8 ) .  

2. Under average weather condit ions,  5 m / s  and 5 °c, the  a i r  i n f i l t r a t i o n  

exceeds t h e  minimum f resh  a i r  requirements, even i n  a mild wind 

cl imate ( see  f i g u r e s  6 and 17) .  

3. Because wind d i r e c t i o n  i s  a predominant f a c t o r  f o r  the i n f i l t r a t i o n  

r a t e s  of ind iv idua l  rooms conscious behaviour i s  neccessary t o  reach 

minimum v e n t i l a t i o n  standards (see f igures  15 and 16). 

4 .  Under average weather condit ions,  5 m/ s  and 5 -c, the in£ i l t r a t i o n  

hea t  l o s s  can be reduced from 1300 W i n  the  reference  s i t u a t i o n  

t o  700 W i n  the  r e a l i s t i c  model s i t u a t i o n  (see f igure  13). 

5. It seems poss ib le  t o  reach reasonable a i r  leakage values by 

improving normal bu i ld ing  p r a c t i c e  i n  the  Netherlands (see f igure  1 2 ) .  

6. There i s  n e i t h e r  a simple l i n e a r  r e l a t i o n  between a i r  leakage and 

a i r  i n f i l t r a t i o n  r a t e s ,  nor between a i r  leakage and i n f i l t r a t i o n  

hea t  l o s s  (see f igures  18 and 19). 
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NOMENCLATURE 

7.1 Symbols 

v 
met 

a 

A i r  leakage c o e f f i c i e n t  (m3/s a t  1 Pa) 

Meteoro logica l  wind v e l o c i t y  (m/s 

A i r  i n f i l t r a t i o n  r a t e  (h- ) 

vo 1 ume (m3 > 
I n f i l t r a t i o n  h e a t  l o s s  (W o r  kW) 

Standard  d e v i a t i o n  (-1 
Numb e r  (-1 

- 1 
A i r  i n f i l t r a t i o n  r a t e  a t  50 Pa p re s su re  d i f f e r e n c e  (h a t  50 Pa) 

7.2 Abbrevations . 

I NF I n f i l t r a t i o n  

MET Meteoro logica l  

L Living-room 

B Bedroom 

B R Bathroom 

K Kitchen 

Bo B o i l e r  



F i g u r e  1 D i s t r i b u t i o n  of  a i r  l e a k a g e  f o r  130 
d w e l l i n g s  i n  t h e  N e t h e r l a n d s  



cross seet ian  

ground f l o o r  f i r s t  f l o o r  

F i g u r e  2 F l o o r p l a n  and c ross  s e c t i o n  o f  t h e  
r e f e r e n c e  house  



Figure  3 Scheme of t h e  model 

A i r  

P r t  

leaka  

ss ure 

9 Rooms 
24 A i r  leakages 

Figure 4 Temperature distr ibut ion 
i n  the dwel l ing  



3L Reference 100°lo 

F i g u r e  5 D i s t r i b u t i o n  of  a i r  icakagct 

F igure  6 I n f i l t r a t i o n  r a t e s  and i n f i l t r a t i o n  heat  l o s s e s  
v e r s u s  w i n d v e l o c i t y  



F i g u r e  7 I n f i l t r a t i o n  r a t e s  ve rsus  o u t s i d e  
t e m p e r a t u r e  

Q 
i n f  

F i g u r e  8 I n f i l t r a t i o n  h e a t  l o s s e s  a g a i n s t  
out  s ide  t e m p e r a t u r e  



F i g u r e  9 A i r  teakage d i s t r i b u t i o n  a f t e r  
r e t r o f i t t i n g  the  roo f  

F i g u r e  10 A i r  Leakage d i s t r i b u t i o n  a f t e r  
r e t r o f i t t i n g  t h e  f toor  



F i g u r e  11 A i r  l e a k a g e  d i s t r i b u t i o n  a f t e r  
r e t r o f i t t i n g  f l o o r  a n d  roof  

5 4 O l e  

as0 " 684 
a 5 0  w i t h o u t  d u c t s  = 2 , 4  

F i g u r e  12 R e a l i s t i c  a i r  l e a k a g e  d i s t r i b u t i o n  
a f t e r  r e t r o f i t t i n g  F loor  and  roof 







whole  house 

bedroom 1 

F i g u r e  15 I n f i l t r a t i o n  r a t e s  versus w i n d d i r e c t i o n  for  t h e  
w h o l e  house and f o r  t w o  opposi te  bedrooms 





re fe rence  

100 O/o 

e 

f l o o r  + 
roof  a i r t i g h t  

4 2 % 
a 

---------r, S u r r o u n d i n g s  

F igure  17 R e l a t i v e  e f f e c t  of  surroundings on i n f i l t r a t i o n  r a t e s  



a  

42% (roof + f loor ) 

1 O O 0 l o  5 0 O/o 2 0 O l 0  

---------c, Rela t ive  a i r  leakage 

F i g u r e  18 R e l a t i v e  air  l e a k a g e  aga ins t  i n f i l t r a t i o n  r a t e s  

- 
54Olo ( r e a l i s t i c )  

42Olo ( roo f  + f l o o r )  

5 0 O/o  2 0 *lo - R e l a t i v e  a i r  l e a k a g e  

Figurc 19 R e l a t i v e  a i r  l e a k a g e  clgainst i n f i l t r a t i o n  h e a t  losses  


