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1 INTRODUCTION 

Two main methods a r e  current ly  i n  use f o r  measuring the i n f i l t r a t i o n  

performance of dwellings, t racer  gas techniques f o r  determining i n f i l -  

t r a t i on  r a t e  and pressur i sa t ion  techniques f o r  measuring the  leakage 

charac te r i s t ics  .of the  envelope. The i n f i l t r a t i o n  r a t e  is of most inte- 

r e s t  s ince  i t  enables the  r e l a t ed  heat  loss  t o  be calculated,  and, since 

the majority of dwellings a re  na tura l ly  vent i la ted ,  i t  a l so  enables 

possible levels  of i n t e r n a l  airborne contaminants t o  be determined. 

Pressurisation techniques a re  l imited t o  providing da t a  on the  magnitude 

and the d i s t r i bu t ion  of a i r f low paths through tne building envelope. 

However pressur isat ion techniques possess ce r t a in  advantages; the  neces- 

sary equipment i s  r e l a t i ve ly  cheap, robust and eas i ly  operated and the  

time required on s i t e  i s  short .  I n  contras t ,  t r a c e r  gas measurements 

require considerable exper t i se ,  expensive equipment and a re  time-consuming, 

i f  the  f u l l  range of variables which a f f ec t  i n f i l t r a t i o n  are  t o  be included. 

The usefulness of pressur isat ion techniques could b e  considerably enhanced 

if a method of l inking the r e su l t s  achieved with t h e i r  use t o  i n f i l t r a t i o n  

ra tes  could be iden t i f i ed  and estabilished. The purpose of t h i s  paper 

is  t o  propose such a method, based upon a simple theore t ica l  model of 

in£  i l t r a t i o n ,  and to  discuss i t s  va l id i ty  using whole house pressur isat ion 



and i n f i l t r a t i o n  measurements made a s  par t  of f i e l d  survey of i n f i l t r a -  

t i o n  r a t e s  i n  Br i t i sh  dwellings. 

2 FIELD MEASUREMENTS 

2.1 Pressur isat ion measurements 

Table 1 includes b r i e f  d e t a i l s  of f i f t e e n  houses i n  which whole house 

pressur i sa t ion  measurements were made as  p a r t  of a l a rge r  survey of 

i n f i l t r a t i o n  and na tura l  ven t i l a t i on  i n  dwellings. These a r e  labelled 

A t o  P f o r  purposes of easy reference. In  addit ion published da ta  on 

two other  dwellings have been taken from references ( 1 )  and (2) . These 

dwellings a r e  labe l led  R and S respectively,  

Pressur isat ion measurements of t he  a i r  leakage through the envelope 

of each house was made using the  equipment developed and described by 

Skinner(3). Measurements were made f o r  both pos i t ive  and negative applied 

pressure d i f fe rence  across the  dwelling envelope,over a range of 10 

t o  60 Pa. A simple power law of t he  following form was f i t t e d  t o  the 

r e su l t s  : 

Q i s  the  volume flow r a t e  of a i r  a t  an applied pressure difference Ap, 

QT i s  the flow r a t e  a t  a chosen reference pressure Bp,. This may be 
L' 

a r b i t r a r i l y  chosen, but f o r  present purposes the value 50Pa w i l l  be 

used t o  conformwith current Swedish pract ice(4) .  The values of QT 

and n a r e  l i s t e d  i n  Table 1. Also l i s t e d  f o r  comparison with other  

published r e su l t s  a r e  the  corresponding values of  (QT/V) and (Q /A ) * P 
where V and A are the volume and permeable area of each dwell ing.  
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The permeable a r e a  is def ined as t h e  sum of the  a reas  of t h e  exposed 

wa l l s ,  t h e  ground f l o o r ,  provided t h a t  t h i s  is  not  s o l i d ,  and t h e  a r e a  

of t h e  c e i l i n g  between t h e  topmost f l o o r  and t h e  roof space. Pa r ty  

wal ls  i n  semi-detached and t e r raced  houses a r e  assumed t o  be  impermeable. 

For a l l  of the  r e s u l t s  given i n  Table 1 windows, doors and o t h e r  con- 

t r o l l a b l e  openings were f u l l y  closed. Ex t rac t  fans were switched o f f  

and t h e i r  openings sealed .  

It is i n t e r e s t i n g  t o  n o t e  t h a t  values of (a]C/V) a r e  s u b s t a n t i a l l y  l a r g e r  

than t h e  average va lues  found i n  recent  Swedish(5) and Canadian(6) surveys 

which were 3.5 ach and 4.4 ach respec t ive ly .  

2 .2  Tracer gas measurements 

Whole house t r a c e r  gas measurements were made i n  a l l  of t h e  l i s t e d  houses. 

I n  houses A t o  R n i t r o u s  oxide was used a s  t h e  t r a c e r  gas and i t s  concen- 

t r a t i o n  monitored using an infra-red gas analyser .  A l l  i n t e r n a l  doors 

were s e t  open and fans placed i n  t h e  open doorways i n  order t o  mix t h e  

t r a c e r  gas throughout t h e  house. The v e n t i l a t i o n  r a t e  measured is t h e  

r a t i o  of the  flow r a t e  of air en te r ing  t h e  house t o  the  volume of t h e  

house. This should be t y p i c a l  of t h e  v e n t i l a t i o n  r a t e  under normal 

occupied condit ions provided t h a t  i n t e r n a l  doors a r e  e i t h e r  kept  open 

o r  present  l i t t l e  r e s i s t a n c e  t o  flow i n  comparison with t h e  a i r  leakage 

paths i n  the  e x t e r n a l  envelope, 

On average approximately twenty measurements of whole house v e n t i l a t i o n  

s a t e  were made. Wind speed and d i r e c t i o n  were monitored throughout 

each t e s t  pericjd us<ng a l ightweight  anezometer and isi-ildvazle mounted 

on a 10 m h i g h  hydraul ic  mast, s i t u a t e d  c lose  t o ,  but not i n  the  immediate 



flow f i e l d  o f ,  t h e  house under test,  Air  temperatures were measured 

i n  each room, as w e l l  a s  e x t e r n a l l y ,  using c a l i b r a t e d  thewocouples.  

The output  from each of t h e  instruments was recorded, v i a  a d a t a  logger ,  

on paper t a p e  f o r  subsequent ana lys i s  by mainframe computer, '%he r e s u l t i n g  

output  consis ted  of t h e  v e n t i l a t i o n  r a t e  during t h e  test per iod (usua l ly  
~ 

of t h e  order  of t h i r t y  minutes) ,  t h e  average wind speed and d i r e c t i o n  

and t h e  average temperatures a s  w e l l  a s  measures of t h e  v a r i a t i o n  of 

each of these  q u a n t i t i e s  over t h e  period.  

3 PROBLEMS I N  RELATING TRACER GAS AND 

PRESSURISATION MEASUBEXENTS 

3.1 Limita t ions  of p r e s s u r i s a t i o n  techniques 

( i )  The magnitude of t h e  p ressure  d i f fe rences  used i n  t h e  p r e s s u r i s a t i o n  

tests is n e c e s s a r i l y  h igher  than those  normally generated by t h e  wind 

and s t a c k  e f f e c t .  The ex t rapo la t ion  of t h e  applied pressure  - flow 

r a t e  r e l a t i o n s h i p  def ined by equat ion ( 1) t o  lower applied pressures  

than those t o  which i t  was f i t t e d  cur ren t ly  lacks experimental v a l i d a t i o n .  

( i i )  The p ressure  d i f fe rences  generated across  t h e  bu i ld ing  envelope 

by s t a c k  and wind e f f e c t s  a r e  not  appl ied  u n i f o m l y  as  they a r e  i n  t h e  

p r e s s u r i s a t i o n  technique,  

( i i i f  The simple determination of QT and t h e  e q o n e n t ,  n, does not de f ine  

t h e  d i s t r i b u t i o n  of QT. The same r e s u l t s  would be obtained wheeher 

QT were lumped toge the r  on one ex te rna l  wal l  o r  whether i t  were evenly 

d i s t r i b u t e d  over t h e  whole envelope, Repeated measurements with chosen 

components sea led  up gives add i t iona l  i n f a m a t i o n  on the magnitudes 

and distributisn of the  openings,  b u t  removes some of the  s impl ic i ty  

and ease  of use which makes t h e  technique a t t r a c t i v e .  



3.2 Choice of c h a r a c t e r i s t i c  quan t i t i e s  

Further t o  t he  problems ou t l ined  above t he r e  i s  a d i f f i c u l t y  i n  comparing 

pressur isa t ion r e s u l t s  f o r  a given house with t he  r e s u l t s  of t he  measure- 

ments of i n f i l t r a t i o n  because of t h e  number of var iab les  involved, 

The r e s u l t s  of t h e  p ressur i sa t ion  t e s t s  a r e  defined by two parameters, 

QT and n. Any measured value of i n f i l t r a t i o n  r a t e ,  8. is  a funct ion 

of wind speed U, wind d i rec t ion ,  4, and t h e  d i f fe rence  between i n t e r n a l  

and external  air temperature, AT. 

Clearly any method which aims t o  r e l a t e  QT and %, t h e  i n f i l t r a t i o n  

flow rate,must a l s o  include the  o ther  var iab les  i f  it is t o  be used 

as a bas i s  f o r  p red ic t ing  the  i n f i l t r a t i o n  performance of a given dwelling. 

The following s ec t i on  ou t l ines  a simple t heo re t i c a l  model which aims 

t o  accomplish t h i s .  

4 A SIMPLE THEORETICAL MODEL FOR INFILTRATION 

4.1 ~ssurcptions made i n  s e t t i n g  up the  model 

The following assumptions a r e  made i n  s e t t i n g  up the  i n f i l t r a t i ~ n  model: 

( i )  The bui lding envelope i s  represented by a rectangular para l l e l ip iped  

of height,  h, This does not  preclude t he  presence of a pitched roof ,  

but i s  intended t o  def ine  t he  volume of i n t e r e s t  from the  point  of view 

of i n f i l t r a t i o n ,  The maximum overa l l  height  of the  building,  f o r  ins tance 

t o  the  top of a pitched roof ,  i s  H and i s  used t o  specify  the  a i r  speed 

required by convention f o r  def ining the  surface  pressure coef f ic ien t s  

generated by the wind. The appropriate value of wind speed is  given 

b Y 



where U is  the reference s i te  wind speed fo r  t he  measurements and a r 

depends upon the  nature  of the  l oca l  t e r r a in ,  as described i n  reference 

(71, Reference (7) a lso  enables U t o  be calculated from standard 

Meteorological Office wind speeds f o r  design purposes. 

( i i )  The pressure generated by the  wind i s  uniform across each surface. 

The values f o r  each surface w i l l  depend upon the  building shape, its 

or ientat ion t o  the  wind and any surrounding obstacles ,  including other  

houses . 

( i i i )  Air leakage through the  envelope is  assumed t o  be uniformly d i s t r i -  

buted across each surface,  but the  t o t a l  leakage Qp may be  d i s t r ibu ted  

i n  any chosen proportions among the surfaces.  

( iv)  The exponent, n ,  i s  assumed t o  apply t o  a l l  leakage paths. 

(v) Party walls and s o l i d  f loors  a r e  assumed t o  be impermeable. 

(vi) I f  the  underfloor space i s  ven t i la ted  the  assumed surface pressure 

i s  obtained by determining the area weighted mean of the  pressures on 

exposed v e r t i c a l  wal ls ,  

4.2 I n f i l t r a t i o n  r a t e  functions FV, FW and FB 

The derivation of the  model is summarised i n  Appendix I .  Three re la t ion-  

ships are  obtained. The f i r s t  concerns the i n f i l t r a t i o n  flow r a t e  Q v 
which i s  given by 



Fv may be calculated i f  the f o l l o ~ n g  are  knom: 

( i )  The surface pressure coeff ic ients  as functions of (9. The surface 

pressure coeff ic ient  G f o r  any surface,  i, is defined as 
p i  

Surface pressure coeff ic ients  a re  most accurately obtained gram wind 

tunnel model s tudies  of the  building under consideration. Approximate 

values are available f o r  simple building shapes, f o r  instance i n  the  

Br i t i sh  Standard Code dealing wf t h  Wind Loads (8) . 

( i i )  The Archimedes number Ar. This r e l a t e s  buoyancy and i n e r t i a l  

forces and i n  t h i s  context i s  defined as 

The Archimedes n u h e r  combines the two main meteorological variables 

U and AT, aa w e l l  a& the  heigfit, h, defined previously. 

( i i i )  The d is t r ibut ion  of the leakage among the exposed surfaces. 

Thus given e i t h e r  measured or  e s~ ima ted  values of the  surface pressure 

coefficients and the d is t r ibut ion  of leakage FV, and hence $, may be 

obtained for  m y  cod ina t ion  of values of U, AT and $ 0  

When the wind ac ts  alone, the resu l t ing  i n f i l t r a t i o n  flow ra t e ,  Qw, may 

be derived from the model: 



Similarly when stack e f fec t  ac t s  alone, the resu l t ing  i n f i l t r a t i o n  r a t e ,  

QB, is  given by 

PB is a constant fo r  any given building and FW is  a function of wind 

direct ion only. 

4.3 Typical values of FVp FW and FB 

I n  order t o  demonstrate the var ia t ion  of the function F FW and FB V * 
derived above with building character is  tics values have been calculated 

f o r  three typica l  housing types; 

(a) Detached 

(b) Semi-detached 

(c) Centre te r race  

The dimensions of the houses a re  shown i n  Table 2, together with appro- 

p r i a t e  pressure coeff ic ients  f o r  a se lec t ion  of wind directions obtained 

from reference C8). All three functions w i l l  vary with n. The calcu- 

l a t ions  have therefore been carr ied out f o r  three values of n - 0,5, 

0.6 and 0.7, i n  order t o  cover the  range found i n  pract ice (see Table I ) ,  

The leakage. QT was assumed t o  be  d is t r ibuted  uniformly over the whole 

of the  exposed surface of the envelope i n  each case. The ground f loor  

d t o  be  impermeable, except fo r  the value of n = 0*6$  where 

f o r  purposes of comparison c a l c u l a ~ o n s  were a l so  made with a permeable 

-bhoor. 

'Phe calculeted values of PW and FB a re  given i n  Table 3(a). FV is shown 

%n Figures 1 (a) ,  (b) and ( c )  . The axes have been chosen t o  give iden t i ca l  



asymptotes for  each s e t  of values of FV. Inspection of tile r e s u l t s  f o r  

F and FB shows a negl ig ib le  var ia t ion  of FB with house arrangement. W 

There is  some var ia t ion  with n; a reduction of approximately 10% when 

n is  raised from 0,6 t o  0.7, and an increase of approximately the  same 

m u n t  when n is reduced from 0.6 t o  0.5, There a r e  s u b s t m t i a l  varia- 

t ions i n  F with wind d i r ec t ion  c$ f o r  each house type. W 

5 COMPARISON OF FIELD MEASUREMENTS WITH 

MODEL PREDICTIONS 

As a f i r s t  s tep  t o  comparing the  r e s u l t s  of the  f i e l d  measurements with 

the  predicted values from the  model only FW and FB w i l l  be considered. 

The a i m  here is  t o  determine how well  values of FW and FB derived from 

the f i e l d  measurements agree with those given i n  Table 3(a) . 

In  order t o  do this it is  necessary t o  i s o l a t e  those r e su l t s  which a re  

dominated by e i t h e r  s tack  o r  wind e f fec t .  It is very r a r e  t o  obtain 

measurements i n  the  f i e l d  where e i t h e r  e f f ec t  is  completely absent and 

i t  is necessary t o  e s t ab l i sh  some form of c r i t e r ion  by which t o  judge 

each s e t  of r e s u l t s  f o r  a given house t o  d e t e ~ n e  whether it may f a l l  

i n t o  e i t h e r  of t he  categories required. An indicat ion of a method of 

achieving t h i s  is  contained i n  Figures I(a) t o  (c) .  The ordinate  i n  

these figures is ,  i n  f a c t ,  (QVf4)  and the asymptote as ( F ~ I F ~ . ~ ~ )  

tends to  i n f i n i t y  i s ,  QV a Qwe A reasonable proposal is t o  s e t  the  l i m i t  

for  s tack doarinated i n f i l t r a t i o n  a s  

and for  wind dominated i n f i l t r a t i o n ,  



On rearrangement these lead t o  the  following approximate c r i t e r i a  based 

upon the  measured c l imat ic  var iables ,  

Stack dominated i n f i l t r a t i o n :  u ~ ~ / A T ~  2 0.3 

Wind dominated i n f i l t r a t i o n :  u * ~ / A T ~  9 1 .5 

Qn examining each set of r e s u l t s  f o r  the  houses l i s t e d  i n  Table 1 those 

sets which f u l f i l  these  c r i t e r i a  were extracted and used t o  calculate  

t h e  following: 

For s tack dominated i n f i l t r a t i o n :  

and, fo r  wind dominated i n f i l t r a t i o n :  

From equations (5) and (6) i t  can be seen t h a t  when divided by QT these 

quant i t i es  should give values of FB and F respectively,  I n  order t o  W 

compare these measured r e su l t s  with those calculated using the  model, 

' t h e  quant i t i es  given abave f o r  each house have been plot ted against 

QT i n  Pigvres (3) and (2) f o r  s tack e f f ec t  and wind e f f ec t  respectively.  

For comparison the expected spread of the r e s u l t s  due t o  the  var ia t ion  

of FBwi th  n, and of FWwith  n and Q has been indicated by the shaded 

r eg ime  osl each figure.  The-resul ts  for  the  stack e f f ec t  comparison 



a r e  very encouraging. Of the  hauses which l i e  outs ide the  expected 

band it i s  suspected t h a t  the  values of QT for  K and J include some ledc- 

age through the party wall. This w i l l  be checked i n  a fu tu re  s e r i e s  

of measurements. 

The r e su l t s  i n  ~ igu re (a ) , fo r  wind,are more scat tered.  This is,however, 

t o  be expected because of dependence of FW on 4 as w e l l  as Figure ( 4 )  

t 
shows the  var ia t ion  of FW with i for  House P which is  a centre-terraced 

house. It is in t e r e s t i ng  t o  note t h a t  the  i n f i l t r a t i o n  r a t e  with the  

wind perpendicular t o  the  t e r r ace  is considerably greater  than when 

t h e  wind i s  para l le l .  

Despite the  s c a t t e r  t he re  is  a trend f o r  -the values of FW t o  l i e  below 

the region containing the  expected range predicted by the theore t ica l  

model, However the  pressure coef f ic ien ts  used, as  given i n  Table 2, 

apply t o  buildings i n  i so la t ion .  A l l  of the  houses i n  which measurements 

were made had other  buildings,  as  wel l  as other  forms of s h e l t e r  such 

as t rees  and fences i n  t h e i r  v ic in i ty .  Although de ta i led  da ta  on pressure 

coeff ic ients  other  than f o r  i so la ted  buildings is  sparse there is evidence, 

from both f u l l  scale(9) and model s tud ies  (10) of pressure d i s t r ibu t ions  

on low r i s e  buildings, t h a t  the  values f o r  surface pressure coeff ic ients  

a re  subs tan t ia l ly  reduced by the  presence of other  buildings of a s imi la r  

height.  Lee et: al(10) have demonstrated t h a t  reductions of SOX i n  wall 

and roof pressure coef f ic ien ts  may be  expected i n  housing of moderate 

density. The values of given i n  Table (3a) have therefore been re- 

calculated with the surface pressure coef f ic ien ts  a r b i t r a r i l y  reduced 

t o  half  of t h e i r  o r ig ina l  value. The new range of predicted values 

of FW i s  given i n  Table (3b) and shown on Figure (5). I n  place of the 



mean of the  measured values of FW the range i s  indicated by p lo t t ing  

the maximum and minimum value f o r  each house. The agreement i s  very 

much be t t e r .  

It should be noted t h a t  the  t heo re t i ca l  r e su l t s  are  l imited t o  the  house 

types and dimensions set out i n  Table 2, and not spec i f i ca l ly  matched 

t o  the  dimensions of the  houses tes ted .  Further,  the  leakage area has 

been assumed t o  be uniformly d i s t r i bu ted  over the  exposed surfaces of 

the  envelope. Further analysis  w i l l  be  undertaken t o  compare each s e t  

of measured r e s u l t s  wi th  predicted values s p e c i f i c  t o  each site. A 

major problem ex i s t s  however i n  the  lack of da t a  on pressure coef f ic ien ts  

f o r  typical  housing arrangements. 

6 'EKE PREDICTION OF INFILTRATION RATES 

Given the leakage d a t a  f o r  a house, together with i ts dimensions, the 

mean surface pressure  coef f ic ien ts  f o r  t he  expected range of wind direc- 

t ions  and, i f  possible,  t he  d i s t r i bu t ion  of leakage among the exposed 

surfaces t he  i n f i l t r a t i o n  r a t e  may be calculated using FV fo r  any combina- 

t i o n  of wind speedswind d i r ec t ion  and temperature difference,  The meteoro- 

log ica l  d a t a  can be presented e i t h e r  i n . s t a t i s t i c a 1  form or  as a continuous 

se r i e s  f o r  a given period of t i m e .  Al ternat ively FB and FWmay be cal- 

culated and rhe l a rge r  of the  two predicted vent i la t ion  r a t e s  taken, 

Another poss ib i l i t y  which lies between these a l te rna t ives  is  t o  note 

t h a t  the  f o l l o ~ n g  siraple function f i t s  the predicted r e su l t s  shown 

i n  Figures (1 a), ( Ib) and ( 1 c) with a reasonable degree of accuracy 



On rearrangement t h i s  leads t o  

7 CONCLUSIONS 

The agreement demonstrated between the theore t ica l  model and the da ta  

from measurements i n  seventeen houses gives confidence t h a t  the  simple 

theore t ica l  model may provide a means of estimating house i n f i l t r a t i o n  

r a t e s  using leakage da ta  obtained from whole house pressur isat ion measure- 

ments. In  addit ion,  however, surface pressure coeff ic ients  fo r  

typical  house shapes, arrangements and surroundings are  a l so  required 

but,  a t  present,  there i s  a dearth of d a t a  of t h i s  type. 
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NOMENCLATURE 

A Area 

a Substitution function ( -  (Cpi - cpI)) 

b Substitution function (= 2Ar) 

C~ Pressure coeff ic ient  

F I n f i l t r a t i o n  function (suff ices  B, V and W) 

g Acceleration due t o  gravity 

H Height ( su f f ix  r.) 

h Height of vent i la ted space 

Number of ve r t i ca l  surf  aces 

Exponent of building leakage charac ter i s t ic  

Pressure (suff ices  i, I, L, U) 

Absolute temperature 

Wind speed (suf f ix  r )  

I n f i l t r a t i o n  flow r a t e  (suff ices  B s  V and W) 

Voiume of vent i la ted space 

Width of ve r t i ca l  surface 

Dimensionless ve r t i ca l  co-ordinare (= z/h) 

z Vertical co-ordinate 

A r  Archimedes No (= 

ci Exponent fo r  wind veloci ty  p ro f i l e  

D Density of a i r  (suff ices  o, I) 

Prefix: 

A Difference between two values of the same quantity 

Suffices : 

B,TT,W Relate t o  stack ef fec t ,  combined e f fec t  and wind 

ef fec t  respectively 

i Number of a ve r t i ca l  surface 

L SU Relate t o  lower and upper surface respectively 

0,I Relate t o  inside and outside of the vent i la ted space 

T Relates t o  t e s t  reference condition fo r  

pressurisation t e s t s  

r Relates t o  reference wind speed and height 



T A B L E  1 B A S I C  D E T A I L S  AND LEAKAGE C H A R A C T E R I S T I C S  OF T E S T  HOUSES 

HOUSE DATA A I R  LEAKAGE C H A R A C T E R I S T I C S  AT 50 Pa 

l iouse Date Type Volume QT n (Q,/v) ( QT/Ap) 

rn 3 rn3/h ach rn3/hrn3 

Notes: House t y p e :  1, 2 ,  3 - number o f  s t o r e y s .  
A  - detached; 8 - s'emi-detached; C  - end t e r r a c e ;  
D - c e n t r e  t e r r a c e ;  E  - quad. 

C 
Reference ('I). 

** 
Reference (2),  
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Figure 2 Oetermination o f  F - 3ind e f f e c t  only W 

Q, at 50 Pa (m3/h) 

F igure  3 O e t e r m i n a t i o n  of F - s tack  e f f e c t  o n l y  
8 







F i g u r e  6 Schematic diagram f o r  f l ~ w  t h r o u g h  

v e r t i c a l  sur faces  



TEE EWILTUTZOM MODEL 

Introduction 

The purpose of the  model i s  t o  provide a method f o r  relating; i n f i l t r a t i o n  

r see  a t  any given combination of wind speed, d i rec t ion  and difference 

between in te rna l  and external  a i r  temperatures t o  the  leakage characteri-  

s t i c s  of a house, derived from pressur i sa t ion  t e s t s ,  The model assumes 

tha t  the  house can be represented as a s ing le  ' c e l l B  and ignores any 

i n t e rna l  subdivisions of t he  space i n t o  rooms, A number of other  s ing le  

c e l l  models have been developed, i n  pa r t i cu l a r  by Blomsterberg e t  a l ( l l ) ,  

Sheman andl ~ r i m s r u d (  121) , Cole e t  a l (13) ,  Shaw(l.6) and Lindquist(l5) , 

The present model d i f f e r s  from these i n  the  s e t  of assumptions made. For 

the  present ease these have been s e t  out i n  Section 4 of the  main t e x t .  

I n  pa r t i cu l a r ,  unlike most of the  other  s ing le  c e l l  models, no a p r i o r i  

assumptions concerning in t e rna l  pressure o r  the posi t ion of neut ra l  

layers  are  made, The character isat ion of the  combined e f f ec t  of s tack 

a d  wind by the use of the  dimensionl~ss  parameter, Ax, the Archimedes 

nu&er9follows from i t s  e a r l i e r  use t o  i l l u s t r a t e  the combined e f f e c t  of 

stack and wind on heat losses  i n  a na tura l ly  v e n t i l  ated house(l6) and i n  

the analysis of d a t a  from f i e l d  measurements of ven t i la t ion  of spaces 

with openings on one s ide  only( l7) ,  Pe is s imilar  t o  the  parameters, M,used 

by Mattingley et a1(18) in  the analysis of i n f i l t r a t i o n  measurements, and the 

pa rme te r ,  0, used i n  a theore t ica l  model by Sheman et aE(12), 

Derivation of the model equations 

The flows through v e r t i c a l  and horizontal  surfaces are considered separ- 

acely:  



( i )  Vertical surf  aces 

Referring t o  the diagram shown i n  Figure (61, the pressure difference 

across the ith wall,  a t  a height z from. the base of the dwelling. Ap is 

is given by the following equation, 

pI is the s t a t i c  pressure, a t  z = 0, within the house. p i s  the  reference 
0 

s t a t i c  pressure a t  z = o i n  the f r ee  wind. For convenience p may be I 

expressed as a pressure coefficient , 

whence, 

2 
Api = ip0u (ai - b .Z) 

Where, 

z and Z = - h" 

Following from assumptions ( i i i )  and ( iv)  i n  Section 4 of the main t e x t ,  

the volume flow r a t e  6 ~ .  through a section of ver t ica l  surface bz i s  given 
3. 

by 

Q T ~ ,  wi 
6Qi . sign CAp.) . 6z  

a. 1 
3. 



It is  necessary t o  specify  the modulus of Api s ince  t h i s  may take e i t h e r  

posi t ive  o r  negative values and because n < I .  The term sign(Api) is 

posi t ive  for  flow i n t o  the  building and negative f o r  flow out. Ai i s  the 

area of the  ith v e r t i c a l  surface;  Q,,,, is  the  t o t a l  flow through the  i t h  

surf ace a t  an applied pressure difference.  Ap?; W. 1 is  the width of t he  

ith surface. Subst i tut ing f o r  Bpi from equation A(2) i n t o  equation A(3) 

gives, on rearrangement, 

Cn in tegra t ing  over Z = 0 t o  Z = l ,  t h i s  y ie lds  an expression f o r  t h e  ne t  

flow through the  i k h  w a l l ;  

where 

Ki = QTi 

( i i )  Horizontal surf  aces 

There a r e  two horizontal  surfaces ,  a t  Z 1 0 ,  and a t  Z = 1 ,  specif ied i n  

the following equations by the su f f i ce s  ( )L and ( ) respectively.  u 
The t o t a l  flow through each is readi ly  derived from equation A ( 4 ) :  



( i i i )  Deterdnat ion of C 
PI 

Ignoring small density changes, the pr inciple  of continuity requires 

tha t ,  

where m is  the number of v e r t i c a l  surfaces. 

Equation A(7) contains only one unknown when the ~ i g i n a l  quant i t ies  a r e  

resubstitured. This is  the dimensionless in te rna l  pressure coeff ic ient  

e 
PI" 

Equation A(7) may be solved by simple numerical procedures f o r  C 
PI 

providing tha t  the following a r e  given: 

(a) The leakage charac ter i s t ics ,  QT and n. 

(b) The value of QTU/QT etc.  

( c )  The values of C C and C ( for  i = I t o  m) . 
pL' pus p i  

(d) The Archimedes number, A r ,  

(iv) The determination of the i n f i l t r a t i o n  flow ra t e  

Let Q be the  i n f i l t r a t i o n  flow rate .  Once C is known, Q V i s  given by V PI 

For any given house, items (a) and (b) above are  fixed, and the pressure 

coeff ic iants  are determined by the wind direct ion,  @, only. QV may there- 

fore be  wri t ten i n  the form, 



The ArJlimedes n u d e r  may be expressed in t e r n  of t h e  temperature 

difference,  AT, betwaen in t e rna l  and external  air: 

where TI is the absolute temperature of t he  air within the house. 

(v) Wind act ing alone 

Bra the  i n f i l t r a t i o n  flow r a t e  when the  in te rna l  and external  temperatures 

a re  equal, naay be obtained using the preceding derivation,  a d  s e t t i n g  

bp I 0 .  This leads t o  t he  equivalent of equation A(9) where, 

FW is given by; 

(vi) Stack e f f ec t  acting alone 

QB the i n f i l t r a t i o n  flaw r a t e  &en the wind speed is  zero may be obtained 

i n  a similar way by s e t t i n g  U = 0 i n  equation A(!) a d  preceding as  before, 

but without putt ing the unknorm quantity,  pI, i n t o  pressure coeff ic ient  

fom.  


