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BACKGROUND 

I n  many count r ies  we now have some years o f  experiences o f  t e s t i n g  

houses f o r  a i r t i g h t n e s s  us ing  the pressurization/depressurization 

technique. The main purpose of t he  t e s t  i n  most cases has been a per- 

formance c o n t r o l  o f  t he  a i r  t igh tness  o f  the  house. It was expected, 

however, t h a t  i n  f u t u r e  the  t e s t  r e s u l t  should g i ve  an est imate o f  

the  i n f i l t r a t i o n  r a t e  o f  the  b u i l d i n g  too. For example i n  a paper from 

1978 ( 1 )  the author  c la ims t h a t :  "To make such a r e l a t i o n s h i p  r e l i a b l e  

many measurements on d i f f e r e n t  types o f  houses w i t h  both the  p ressu r i -  

za t ion-  and t r a c e r  gas methods must be made and reasonable co r rec t i ons  

f o r  the wind- and temperature i n f l uence  o f  t he  t r a c e r  gas measurements 

must be found". 

Since then, va luable c o n t r i b u t i o n s  t o  the knowledge o f  these mat te rs  

have been given, see f o r  example (2),  ( 3 )  ! It i s ,  however, q u i t e  ob- 

vious t h a t  there  cannot e x i s t  a simple r e l a t i o n s h i p  ( f o r  example v i a  

a c o e f f i c i e n t )  as the  t e s t  r e s u l t  from one o f  the  t e s t s  i s  n o t  depen- 

dent on the p r e v a i l i n g  weather cond i t i ons  w h i l e  the o ther  c e r t a i n l y  

i s  dependent on them. 

2 CALCULATION MODELS 

The problem o f  c o r r e l a t i n g  p ressu r i za t i on  data t o  i n f i l t r a t i o n  data 

i s  very complex and almost a1 1 the  present  knowledge o f  a i r  i n f i l  t r a -  

t i o n  and even more should p re fe rab l y  be used. For the  treatment o f  

t he  problem you use measurement r e s u l t s  from two most d i f f e r e n t  

measurement methods, w i t h  a ser ies  o f  measurement and i n t e r p r e t a t i o n  

problems. Furthermore you want t o  make a mathematical ana lys is  based 

on these measurements and have t o  make a number o f  sometimes q u i t e  

dubious assumptions. 



The building may be considered to  be a part of a system which consists 

of acting forces,  an airleaking building and a ventilation system. 

Fig 1 .  
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Figure 1. 

Two characteristics may be set t led by testing - a permeability charac- 

t e r i s t i c  of the envelope with the pressurization t e s t  and the ventila- 

tion rate of the building a t  the prevailing weather conditions (wind 

and temperature difference) when the t e s t  i s  carried out. 

The t e s t  methods themselves introduce errors in a calculation model. 

Both accuracy and precision of the t e s t  methods should be taken into 

account. These matters have been discussed in (4) where i t  i s  stated 

that the probable e r ror  of the pressurization t e s t  according to  Swedish 

practice i s  less than 4% when using electr ical  manometers and a recorder 

and 8% when using liquid manometers. The probable error of the tracer 

gas t e s t  depends heavily on the measurement time (decay measurement) 

b u t  can fo r  reasonable measurement times (2 1,5 h a t  a ventilation rate  

of 0 , 2  ac/h) be around 5%. The figures given above refer to  measure- 

ment accuracy only. Matters influencing precision - that i s  the proba- 



bili tyof obtaining the same measurement value on some other occasion - 
are not taken into account. For the pressurization t e s t  such matters 

are: 

o weather dependence (1 imitations are stated in the method description) 

o ageing durabili ty of the tightness behaviour of the envelope. 

For the tracer gas t e s t  the following factors are  influencing the mea- 

surement precision: 

o the weather (wind and temperature differences) 

o the degree of "perfect" mixing of the t racer  gas 

o the degree of fluctuation of wind speeds. 

The l a s t  factor in fac t  in i t ia tes theques t ion  of the validity of the 

measurement. Do we in other words measure the quantity we want informa- 

tion about or do we perhaps measure something (qui te)  different? How- 

ever, this  may be more of interest  from the ventilation effectiveness 

point of view than that  of energy aspects. 

One way of analysing the problem i s  to  compare a value of the ventila- 

tion rate  calculated with a calculation model - fo r  example according 

t o  ( 5 )  - with a measured value. This procedure i s  outlined in figure 2. 

Figure 2.  Comparing calculated and measured ventilation rate.  Princi- 

pal sketch, 



Such an a n a l y s i s  must be based on d e t a i l e d  knowledge of the inpu t  f a c t o r s .  

Doing such a procedure f o r  a number of  d i f f e r e n t  houses over  and over  
aga in  should, according t o  my opin ion ,  teach us  a l o t  of  the mechanisms 
of a i r  i n f i l t r a t i o n  i n  a most e f f e c t i v e  way. I t  should h e l p  us  t o  g e t  
a f e e l i n g  f o r  t h e  s e n s i t i v i t y  of the system t o  changes i n  var ious  input  
parameters. 

Being aware o f  t h e  d i f f i c u l t i e s  (and c o s t s )  of  t h i s  procedure and i n  the 

absence of a f u l l y  developed c a l c u l a t i o n  model a more h e u r i s t i c  approach 
is  going t o  be  d i scussed  below. T h e  p r i n c i p l e  o f  the method is  shown i n  
f i g u r e  3.  



In words th i s  means tha t  you s t a r t  w i t h  a pressurization t e s t  value and 
t racer  gas t e s t  values from two very different weather conditions - pre- 
ferably summer and winter. Such values should be available fo r  a t  leas t  
some tens of houses of the same type and principal s i t e .  

The measured values a re  "forced" into the model 

which i s  based upon 

By identification i t  is obvious that :  

Q = "ALC V ;  the ventilation flow; in f i l t r a t ion  - or  exf i l t ra -  ( 3 )  

t i  on 
a = C  3  a flow coefficient (4)  

STACK EFFECT WIND 

"ALC = calculated a i r  change ra te ,  ac/h 
V = building volume, m 3 

'i = indoor temperature, OC 

= outdoor temperature, OC 

u = wind velocity a t  a reference point, m/s 

1 = model coeff ic ient ,  Pa/K 
n 

C3 and B are obtained from the pressurization t e s t :  



where 
n50 = resulting leakage divided w i t h  the volume of the house a t  pressuri- 

zation t o  50 Pa, ac/h 

$ = flow exponent i n  the relationship Q = o ap8 f i t t e d  to  the measured 
values. 

C, and C2 are solutions to  the following equation system where nMEAS,, 

and "EAS, 2 stand fo r  measurement values of the ventilation ra te  a t  two 

occations. 

Thus: 

n MEAS, 1 v 
(A e-B - C, (ai-aU) 

A number of implicit assumptions have been made above. 

For the treatment of data from each house: . . . . . . . . . . . . . . . . . . . . .  

To begin,outside the house i t  i s  assumed that  the wind  conditions a t  a 
reference height near the house i s  a representat7ve value fo r  determin- 

ing the wind pressures acting a t  i t .  

The leakage paths of the envelope of the house i s  assumed to  be evenly 

distributed over the total  envelope. The possible error introduced with 
th i s  assumption may be large b u t  the effect  i s  d i f f i cu l t  to  predict. 



The pressure dis t r ibut ion i s  assumed to  be even a l l  over the envelope 

which defini te ly i s  not the case in rea l i ty .  The implications of such 

an assumption are  d i f f i c u l t  to  predict too. 

The exponent of the leakage function i s  s e t  t o  a constant value f o r  a l l  

pressure differences. Some authors have claimed that  t h i s  i s  not a t  a l l  

the case ( 2 ) ,  ( 5 ) .  Their opinion i s  tha t  the exponent i s  close to  1,O 

(laminar case) a t  low and close t o  0 ,5  (turbulent case) a t  higher pres- 

sure differences across the envelope. I do not completely agree with 

that.  I t  rather seems t o  be so tha t  high leakage rates are  caused by big 

leaks. The dimensions of these are big enough to create greater turbulent 

flow or flow with so high velocities that  in- and out let  effects  become 

considerable. This e f fec t  i s  demonstrated in figure 4 where a leaky house 

under pressurization t e s t  i s  modelled. The leaks 1 - 9 represent a variety 

of possible leaks with different s izes .  I t  i s  obvious that  the duct width 

has an overwhelming influence on the leakage rate .  Once a leak of big 

dimension i s  introduced three things happen: 

o The total  leakage ra te  increases strongly. 

o The exponent 6 of the total  flowcurve i s  altered. 

o The value of 6 - in the total  flow curve - does not vary much in dif-  

ferent pressure difference regimes. 

DESCRIPTION OF FLOW PATHS: 

FLOW PATH NUMBER 1 2 3 4 5 

LENGTH IN FLOW 0,25 
DIRECTION (m) 0,225 0,20 0,175 0 ,15 

WIDTH ( m )  0,000075 0,0001 0,00025 0,0005 0,00075 

LENGTH ( m )  70 6 0  50 4 0 30 

ROUGHNESS (m) 0,0000075 0,00001 0,000025 0,00005 0,000075 

FLOW PATH NUMBER 6 7 8 9 

LENGTH IN FLOW 0 ,  125 
GiRECTION (m) 0,IO 0,075 0 ,05  

WIDTH (m)  0,001 0,0075 0,005 0,Ol 

LENGTH ( m )  20  5 2 1 

ROUGHNESS ( m )  0,0001 0,00075 0,0005 0,001 



Figure 4. 

For the t reatment  of data from a l l  t he  houses: . . . . . . . . . . . . . . . . . . . . . . .  

Mean values o f  C, and C2 from d i f f e r e n t  houses are  ca lcu la ted .  To be 

re levant  t he  r e s u l t i n g  formula may n o t  be used f o r  o ther  houses and 

house s i t e s  than the  "averaged" ones. This  means t h a t  i t  must be one 

and the same type o f  houses and the  s i t e s  may n o t  d i f f e r  t o  much from 

each other.  

3 TESTING OF THE HEURISTIC MODEL 

The model was tes ted  on 19 14-storey s ing le - fami ly  houses. With few ex- 

cept ions they were b u i l t  i n  groups o f  houses i n  suburban areas i n  o r  



around the c i ty  of Gothenburg. The measurements were carried out by 

the division of Structural Design a t  Chalmers Ins t i tu te  of Technology 

(CTH) in Gothenburg (6) .  The exterior and the lay-out of the houses are 

shown in figure 5. 

The wind velocities were measured a t  the top of a 10 m high mast placed 

a t  an, as f a r  as  possible, open place on the windward side of the houses. 
The pressurization t e s t s  were performed according t o  ~wedi sh .practice (4).  

However, the leakage ra te  was reported a t  both 25 Pa and 50 Pa. This 

made i t  possible to  calculate a flow exponent, B .  The tracer gas t e s t  

were carried out an one summer and one winter occasian, The ventilation 
rates chosen for  th i s  study were the values obtained when devices for  

ventilation e t c  were closed. Only the envelope of the house was involved 
as a leaking component. 

The coefficients C , ,  C 2  and C3 were calculated for  each house. The 
coefficient C3 - being a leakage coefficient - i s  individual for  each 

house. The means of C ,  and C2 from the 19 houses were calculated-and 
th is  results in the formula: 

Two cases were studied. The f i r s t  one implies the use of the wind ve- 

loc i t ies  a t  the 10 m-level ,above ground as they are reported. In the 
second case the wind velocities a t  10 m were reduced with 50% and these 
lower wind-velocities were used, 



Figure 5. E x t e r i o r  and lay-out  of  t h e  houses. 



Case 1. No wind reduct ion  

This case r e s u l t e d  i n  t h e  f o l l o w i n g  expression. 

n - - n50 (09026 (ai-aU) + 0,010 u2)8 
CALC 2 

P l o t s  of the expression f o r  d i f f e r e n t  wind v e l o c i t i e s ,  temperature 

d i f ferences and exponent B - V ~ ~ U ~ S  a re  shown i n  f i g u r e  6. I n  t h i s  f i g u r e  

'50 i s  chosen t o  3 ac/h. nCALC f o r  o the r  n50-values a r e  e a s i l y  ca l cu la ted  

as i s  a s i n g l e  f a c t o r  i n  the  expression. 

0.8 

0.6 

0 4 

0.2 

0 
0 4 8 12 16 20 (u) mls 

WIND VELOCl T Y  
?ri - aU = 

P 20 K ---- 10 K -.- 0 K 

Figure 6. nCALC as a func t ion  of wind v e l o c i t y ,  temperature d i f f e r e n c e  

and exponent B . n50 = 3 ac/h. No wind reduct ion.  



Case 2. Wind velocities a t  10 m reduced with 50% 

The resulting expression in th i s  case was: 

Corresponding plots are  given in figure 7. 

0 8 12 16 20 (u) mls 
WIND VELOCITY 

Figure 7. nCALC as a function of wind velocity, temperature difference 
and exponent B n50 = 3 ac/h. Wind velocities a t  10 m reduced 

with 50%. 

The calculated ventilation rates ,  nCALC9 were compared with the measured 

ones9 nMEAS* The resul t  can be seen in figure 8. 



F l TTED 
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Figure 8. Calculated ventilation rates ,  nCALC, versus measured ones, 

'ME AS' 

With the technique of 1 inear regression the fo l l  owing analytical ex- 

pression was obtained: 

4 INTERPRETATION OF THE RESULTS 

With equation ( 1 )  the intention was to  "force" the measured values into 

a model which corresponds to  the mechanisms of a i r  in f i l t ra t ion  we are 

familiar with rather than to  use traditional regression analysis. 

3 The factor C 3 ( m  / h ) / ~ a @  i s  simply a figure describing the tightness of the 

house. The value of C3 i s  based on n50 and the exponent Band d j f fe rs  

consequently from house to  house. 



The f a c t o r  C, (Pa/K) i s  m u l t i p l i e d  w i t h  the  temperature d i f f e r e n c e  t o  

produce a  pressure d i f f e r e n c e  caused by stack e f f e c t .  The magnitude of 

the  f a c t o r  i s  a f f e c t e d  by the  he igh t  up t o  the  neu t ra l  zone. The value 

o f  0,026 Pa/K i s  q u i t e  reasonable. 

2  
The Cg-values however, seem t o  be r a t h e r  small - 0,010 Pa/(m/s) i n  t he  

2  case w i t h  no wind reduct ion  and 0,038 Pa/ (m/s) i n  the  case w i t h  50% 

wind reduct ion.  

Since ap caused by wind a c t i n g  on a  b u i l d i n g  can be w r i t t e n  as: 

where Av i s  t he  d i f f e r e n c e  i n  shape c o e f f i c i e n t s  between ou t  and ins ide ,  
3  

P i s  the  dens i ty  o f  t he  a i r  (kg/m ) and u  the  wind v e l o c i t y  (m/s). Con- 

s ide r  t he  i n f i l t r a t i o n  case on a  cube-shaped b u i l d i n g  w i t h  wind a c t i n g  

perpendicular  t o  one o f  the sides ( t h e  pressure s ide)  then 5 could be 

w r i t t e n  as 

Where denotes the  average d i f f e r e n c e  i n  shape c o e f f i c i e n t s  across 
P - 

the wa l l .  

2  From t h i s  t h e  values 0,010 resp 0,038 Pa/(m/s) should correspond t o  

- nu- = ------ O y O 1 O  - - 0,017 (no wind reduct ion)  

- - 0y038 - 0,063 (50% wind reduct ion)  - 0,6 - 

Since the  l a s t  g iven value corresponds t o  a  p lace w i t h  reduced wind ve- 
- 

l o c i t y  i t  has no meaning t o  compare t h i s  ca l cu la ted  A u  value w i t h  some- 
P 

t h i n g  e lse.  This  i s  o f  course due t o  the  f a c t  t h a t  p should t ransform 

wind v e l o c i t y  i n  t he  f r e e  stream i n t o  wind pressures. 

A f u r t h e r  i n t e r p r e t a t i o n  might be made by t a k i n g  i n t o  account the f a c t  

t h a t  a  rec tangu lar  b u i l d i n g  has one o r  two windwardfacing sides and the  

others a r e  leewardfacing. I f  the  t o t a l  area on the  pressure s ide  i s  de- 



noted A and t h e  t o t a l  a r e a  of t h e  suc t ion  s i d e s  i s  denoted A, i t  can 
P 

be proved with a s imple flow-balance equa t ion  t h a t  

I f  = 0,017, f3 = 0,7 and A / A  is  set t o  1/4 t h e n F p  - < = 0'06. 
P s 

The inf luence  of  t h e  surroundings of  t h e  bu i ld ing  and t h e  d e n s i t y  of  t h e  

b u i l t  a r ea  may be cons iderab le .  These ma t t e r s  a r e  very we1 1 demonstrated 

i n  works by t h e  people a t  S h e f f i e l d  Univers i ty  ( 6 ) ,  ( 7 ) ,  (8). F igure  9 

i s  taken from ( 7 ) .  I t  shows shape c o e f f i c i e n t s  f o r  windward and leeward 

f a c e s  of a cube-formed bui ld ing  where y/H i s  t h e  he igh t  r e l a t i v e  t h e  

t o t a l  bu i ld ing  he igh t  and the dens i ty  being t h e  r a t i o  between b u i l t  up 

and t o t a l  ground a r ea .  
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Figure 9. D i s t r i b u t i o n  of mean shape c o e f f i c i e n t  on t h e  element c e n t r e  
l i n e  a t  a l l  d e n s i t i e s .  Source: (7) .  



According to  these resul ts  i t  i s  obvious tha t  a high density can reduce 
the values of the shape coefficients considerably. The densit ies of the 

areas where the 19 houses in th i s  study are  situated are not known b u t  

normal Swedish areas w i t h  one-fami.1~ houses may have a density of say - 
15%. If t h i s  i s  the case for  the houses studied the values of -&-' - 

P 
as calculated above seem quite reasonable. 

5 SUMMARY 

Much hope has been fixed upon poss ib i l i t ies  of correlating resul ts  of 
pressurization t e s t s  with in f i l t r a t ion  t e s t s ,  thus making i t  possible t o  

predict the ventilation rate of a building with the resul t  of the pressu- 
rization t e s t  as a basis. This paper describes the application of an 

a priori designed calculation model based upon the well-established re- 
lationship Q = a i n  which a and B are determined from pressurization 
tes t .  Two factors operating a t  the temperature difference between inside 
and outside and the square of the wind velocity respectively determined 
from tracer  gas t e s t s  a t  different seasons of the same house se t t l e s  the 

p term. The model has been applied to  19 14-storey single family houses. 
The calculated factors seem to  have reasonable values. However, the den- 

s i t y  of a house group seem to have very great influence on the magnitude 
of the shape coefficients. This may explain why calculated mean shape 

factors seem to be rather low. I t  would have heen very interesting to  
make similar calculations on other houses in other surroundings. 
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