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SYNOPSIS 

The normally used e q u a t i o n  f o r  c a l c u l a t i o n  of  i n f i l t r a -  
t i o n  f low r a t e s  i n t o  a  house,  i s  

I n 
q = c o n s t  ap 

where ap i s  t h e  p r e s s u r e  drop over  t h e  w a l l s  and n a  
c o n s t a n t .  The c o n s t a n t  n i s  normally assumed t o  2 / 3  
b u t  sometimes a l s o  v a l u e s  a s  0 ,5  o r  even 1 can be seen 
i n  t h e  l i t t e r a t u r e .  

In t h e  paper  i s  t h e  c o n s t a n t  n c a l c u l a t e d  assuming a  
non  f u l l y  d e v e l o p e d  i n f i l t r a t i o n  f low.  The c o n s t a n t  n 
w i l l  f o r  t h i s  asumption t a k e  v a l u e s  beetween 0,67 and 
0,77 i f  t h e  s l o t s  where t h e  f low t a k e  p l a c e  a r e  long 
enough t o  g e t  a  f low c l o s e  t o  a  developed one. 



O N  FLOW IN N A R R O W  SLOTS APPLIED TO INFILTRATION 

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

Flow through c r a c k s  around windows, doors  e t c  a r e  t o  
a  l a r g e  e x t e n t  t h e  cause  f o r  t h e  l e a k a g e  i n t o  a  house.  
Normally t h e  f l o w r a t e ,  q ,  through such c r a c k s  e s t i m a -  
t e d  by 

where np i s  t h e  p r e s s u r e  d i f f e r e n c e  i n  Pa o v e r  t h e  
c r a c k  

c a  c o e f f i c i e n t  wi th  a  phys ica l  meaning ( t h e  
f l o w r a t e  a t  n p  = 1 Pa) and 

n an exponent  wi th  a  numerical  va lue  n e a r  2 / 3  

The c o e f f i c i e n t  c i n  e q u a t i o n  ( 1 )  i s  p r o p o r t i o n a l  t o  
t h e  l e n g h t ,  L ,  of t h e  c r a c k .  

Equat ion  ( 1 )  has  been d i s c u s s e d  i n  a  l o t  of p a p e r s .  
Nylund (1979)  g i v e s  n t o  1 f o r  l aminar  f low and 1 / 2  
f o r  t u r b u l e n t  f low.  Normally - a c c o r d i n g  t o  Nylund - 
t h e r e  a r e  some c r a c k s  w i t h  l aminar  f low and some wi th  
t u r b u l e n t .  T h e r e f o r e ,  f o r  p r a c t i c a l  c a s e s  

I 

E t h e r i d g e  ( 1  977)  compared exper imen ta l  r e s u l t s  f o r  q ,  
wi th  a  d i s c h a r g e  c o e f f i c i e n t ,  

where A i s  t h e  c r o s s  s e c t i o n  a r e a  of t h e  a i r  f low p 
in  t h e  d e n s i t y  of  t h e  a i r ,  

He found t h a t  t h e  d i s c h a r g e  c o e f f i c i e n t  could  be 
w r i t t e n  a s  



Where c, and B a r e  c o n s t a n t s  , 
I 

( q / ~  * d  

Re = Reynolds number ( =  v 1 

v = t h e  kinematic v i s c o s i t y  

d = t h e  hyd rau l i c  d iamete r ,  i . e .  f o r  a  long n s l o t  = 2 s where s i s  t h e  width of t h e  
s l o t ,  and 

z = t h e  d i s t a n c e  t h e  a i r  flows wi th in  t h e  s l o t  

E ther idge  a l s o  f i n d s  t h a t  t h i s  form f o r  t h e  d i scharge  
c o e f f i c i e n t  corresponds  t o  t h a t  f o r  a  laminar flow 
w i t h  a  s i n g u l a r  l o s s  ( a t  t h e  end of t h e  c r a c k ) .  

Honma (1975) suggested t h a t  the  exponent n in equat ion 
( 1 )  i s  dependent on the  p re s su re  l o s s  n p .  

2. Flow in  a  crack 

The f low in a  crack i s  seldom a  so c a l l e d  d e v e l o p e d  
f l o w .  The crack i s  normally s h o r t  and t h e  flow changes 
d i r e c t i o n .  In n e i t h e r  of t hose  ca se s  t h e  flows w i l l  be 
developed.  The lenght  of undis turbed flow in  a  channel 
t o  g e t  a f u l l y  developed flow i s  

where depends on the  a s p e c t  r a t i o n  f o r  t h e  c r a c k ,  see  
p i c t u r e  1, a f t e r  Han (1960) .  

For a  t a l l  s l o t  L>>s t h e  value  @I = 0,075 wi l l  be used 
f o r  e s t ima t ing  t h e  en t r ance  lenght .  

In a  "normal crack"  an o ld  window ( s  = 0,0015 m ,  L = 
I m ,  4 = 1 m 3 / h m )  we w i l l  then have 

The flow i s  t h e r e f o r e  normally not  developed. I n  some 
c o n s t r u c t i o n s  t he  crack i s  so long so t h a t  a  developed 
flow w i l l  occur j u s t  a t  t h e  end of t h e  c rack .  



o \  Sparrow ( 1955) 095 

Figure 1. I$ f o r  developed flow i n  s l o t s .  
2s 

The p re s su re  drop in  such a  flow has been c a l c u l a t e d  
by a  l o t  of r e s e a r c h e r .  S c h i l l e r  (1922) showed t h a t  t h e  
p re s su re  drop could be regarded a s  composed by two 
p a r t s :  

o  one p a r t  depending on t h e  ( i n c r e a s e d )  value  f o r  
t h e  f r i c t i o n  c o e f f i c i e n t  x i n  t h e  s l o t  

o  one p a r t  caused by t h e  change i n  kinematic energy 

To t h e s e  i s  of course  t o  add the  l o s s e s  a t  t h e  end of 
t h e  s l o t .  

The p re s su re  drop can be c a l c u l a t e d  a s  

( f o r  t he  ca se  of L~ = L , ) .  Here a r e  $ and K c o e f f i c i -  
e n t s  a s  in t a b l e  1 .  

Equation ( 6 )  can a l s o  be w r i t t e n  

where $, i s  ano ther  c o e f f i c i e n t ,  see  p i c t u r e  2 .  Equa- 



t i o n s  s i m i l a r  t o  ( 6 )  and ( 7 )  have a l s o  been g i v e n  by  
K r e i t h  ( 1 9 5 7 )  b u t  f o r  t u b e s .  

T a b l e  1 .  Va lues  f o r  $ and K a c c o r d i n g  t o  Han (1960 )  

Figure 2. The c o e f f i c i e n t  JI i in  eq  ( 7 ) .  
1 

U s i n g  t h e  v a l u e s  i n  t h e  example above we w i l l  g e t  

F o r  t h i s  v a l u e  we can e s t i m a t e  q 1  f r o m  p i c t u r e  2 as  



see a l s o  Kreith ( 1 9 5 7 )  which introduced in ( 7 )  wi l l  
give 

Ap = const q I +m 

f o r  a  given conf igura t ion .  As can be found from pic ture  
2 

L 
a value t h a t  wi l l  be s l i g h t l y  higher f o r  - < O , l .  

dhR, 

For a  " t i g h t i '  window ( o r  s i m i l a r )  the  value of d h  will  
be smaller  than in the example above and so the flow 
r a t e  q .  

Ls This means t h a t  - will  decrease and so m wi l l  in-  
c rease .  dhRe 

Ls For - = 0,01  a  value of 
dhR, 

i s  resonable.  I t  can be used f o r  most cases concerning 
" t i g h t "  cons t ruc t ions .  The pressure drop as given by 
equation ( 7 )  wil l  t he re fo re  (again f o r  a given geometry) 
give the  ( f low-)  equation ( 1 )  and the  value n = 2 1 3 .  
For houses with l a r g e r  leakage the  value wil l  be 

0,77 
q = const ap 

i f  m = 0 , 3  i s  used. 

For the case of more komplex configurat ion of the  s l o t  
s i m i l a r  equations wil l  be usefu l .  

3 .  Conclusions 

The pressure drop in a crack - f o r  instance such as 
those aroud doors, windows e t c  - can be ca lcula ted  
using a n  eq,  np = const q n  ,where 4 i s  the  f lowrate  



and n w 1 ,3  - 1 , 5 .  The reason  why n d i f f e r s  from 1 o r  
2 , a s  f o r  l aminar  a n d  t u r b u l e n t  f low i s  t h a t  t h e  
l a t t e r  a p p l i e s  f o r  developed f low.  Developed f low o c c u r s  
very  seldom i n  t h e  s l o t s  under  c o n s i d e r a t i o n ,  
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