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SUMMARY 

The pos s ib i l i t y  of reduced energy consumption through the  control  of excess 

air i r f i l t r a t i o n  indicated a need t o  know about the  air  leakage charac te r i s t i cs  

of bui lding envelopes generally. 

A portable air leakage apparatus capable of measuring the  air i n f i l t r a t i o n  of 

whole dwellings d i r ec t l y  on s i t e  has been developed and is  described. 

The apparatus i s  a potent ia l  ana ly t ica l  too l  f o r  studying the  e f fec t  of various 

individual  leakage sources and f o r  comparing one dwelling with another, Results 

f o r  two holises are  given. 

The t e s t  method could form the ba s i s  of a performance acceptance t e s t  

f o r  new dwellings with a view t o  saving energy through air leakage control. 
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THE TESTING OF ';:'HOLE HOUSES FOR AIR LEAKAGE 

by I S XcIntyre and C J lleman 

A i r  leakage can be r e spons ib l e  f o r  a cons iderable  p a r t  of t h e  hea t  l o s s  from a 

house. The c o s t  of t h i s  arast-ge i n c r e a s e s  as f u e l  c o s t s  r i s e .  Also, if t h e  

thermal  i n s u l a t i o n  of a b u i l d i n g  i s  i m ~ r o v e d ,  a i r  leakage trill t hen  account f o r  

a l a r g e r  p ropor t ion  of  t h e  remzining hea t  l o s s .  A i r  Tealcage occurs  through 

doors,  windows, e t c ,  

Most measurements o f  r a t e s  of air  change i n  houses have been made b y  d i r e c t  

observa t ions  of  a t r a c e r  gas  under p r e v a i l i n g  condi t ions .  L i t t l e  is  known of 

t h e  i n t r i n s i c  s i r t i g h t n e s s  of houses,  o r  t h e  d i s t r i b u t i o n  of  t h e  main sources  

of leakage. 

Ind iv idua l  components such as doors and windows can  be l a b o r a t o r y  t e s t e d  t o  

measure t h e i r  air l e a k q e  f o r  a range of a i r  pressure  d i f f e r e n t i a l s ,  It t h e n  

becomes f e a s i b l e  t o  r e l a t e  from s p e c i f i c  condi t ions  through t h e  p re s su re  

d i f f e r e n t i a l  s o  c r e a t e d  t o  t h e  a i r  leakage through t h e  component. T h i s  r epo r t  

desc r ibes  t h e  u s e  o f  an apparatus  t h a t  enables  t h e  air  leakage c h a r a c t e r i s t i c s  

o f  a trllole house t o  be measured. 

DESCRIPTION OF TEST TQUIPBENT 

The p r inc ipa l  assembly c o n s i s t s  of a flow measurement duct  and el e c t r i c  f a n  

connected i n  s e r i e s .  A wooden l e a f  i s   laced i n  a n  e x t e r i o r  doorway of t h e  

house t o  be t e s t e d .  The f an  u n i t  i s  then  mounted i n  t h i s  l e a f  ( s e e  Fig 1 and 

P a  I )  The o r ig ina l  door of t h e  house may remain or: i t s  h inges  ~ r o v i d e d  it 
0 can be opened t o  80 , 



The speed of t h e  f a n  can be r egu la t ed  by means of a varia .ble  t ransformer  i n  t h e  

e l e c t r i c a l  supply. 

A i r  i s  d r iven  v i a  t h e  duct  and f a n  e i t h e r  i n t o  o r  out of t h e  house s o  as t o  s e t  

up a known r6gime of p re s su re  d i f f e r e n t i a l s  between t h e  i n t e r i o r  and t h e  ou t s ide .  

The a i r  f low i s  measured by means of a ~ r o p e l l e r  anemometer mounted i n  t h e  c e n t r e  

of t he  duc t .  

The a i r  flow is  reversed by r e v e r s i n g  t h e  fan/duct assemblv i n  t h e  l e a f .  Hence 

t h e  anemometer remains upstream of t h e  f a n  at a l l  t imes.  

The appara tus  was c a l i b r a t e d  f o r  a i r  flow measurement, and i t  i s   referable t h ? t  

any similar appara tus  a l s o  be i n d i v i d u a l l y  c a l i b r a t e d .  It i s  poss ib l e ,  however, 

t h a t  a  f a i r l y  exac t  copy of t h e  appara tus  ( s e e  F i g  5) w i l l  g ive  reasonable 

e s t ima te s  of a i r  flow, s u i t a b l e  f o r  c o m ~ a r a t i v e  assessments,  on t h e  b a s i s  of 

the  c a l i b r a t i o n  g iven  he re  ( ~ i g  2 ) .  

The c a l i b r a t i o n  w a s  done by ar ranging  f o r  t h e  u n i t  t o  e x t r a c t  a i r  from t h e  Dressure 

t e s t  box of a  BS 431 5 rig1 . The fan and duct u n i t  was run  at such a s ~ e e d  a s  t o  

maintain t h e  box at atmospheric p re s su re ,  as i n d i c a t e d  by t h e  menometer on t'qe r i p ,  

The u n i t  was t h e n  a c t i n g  aga ins t  ze ro  back pressure.  Under t h e s e  cond i t i ons  a i r  

was suppl led  at va r ious  measured f low r a t e s  and t h e  c o r r e s ~ o n d i n g  anemometer 

readings  were noted. This  was done wi th  t h e  f a n  and duct u n i t  working a g a i n s t  a 
2 s e r i e s  of back p re s su res  UD t o  150 ~ / m  . The anemometer r ead ing  d e ~ e n d e d  on t h e  

back p re s su re ,  e s p e c i a l l y  at l ~ w  f low r a t e s .  This  w a s  a t t r i b u t e d  t o  v a r i o u s  

i n f l * ~ e n c e s  from t h e  f a n  - swirl, uneven f low o a t t e r n  and c e n t r i f u g a l  e f f e c t s  - 911- 

working back upstream t o  t h e  anemometer d e s ~ i t e  t h e  s t r a i g h t e n i n g  honeycomb 

( s e e  F i g  1 ) .  

A n  e x t r a  i tem is i n s e r t e d  i n t o  t h e  duct  f o r  t h e  measurement of low flow r a t e s .  

This i s  an assembly of a r e s i s t a n c e  mesh and o r i f i c e  p l a t e  wi th  a honeycomb f low 

s t r a i g h t e n e r  i n  t h e  o r i f i c e .  It  i s  i n s e r t e d  between t h e  anemometer and t h e  f a n  

(low flow i n s e r t  - s e e  F i g  1). The purpose of t h i s  i n s e r t  i s  t o  avoid t h e  need 

f o r  h igh  back p re s su re  c o r r e c t i o n s  a.t low f low r a t e s .  Though e f f e c t i v e ,  t h e  

i n e e r t  a l s o  reduces t h e  maximum flow. 

A j a rge  po1,ythene bag w a n  constructed t o  extend t h e  air  f1 olmr c a l i b r a t i o n  bsyond 
3 

" k h a :  1150 m /h c a p a c i t y  of' t h e  measured a i r  ~ i l p p l y .  The  t ime taken  t~ f i l l  t h i s  



bag using the  fan/duot assembly was compared with the  time using a measured flow 

from t h e  weakhertest r i g  (see Pla te  2). The ca l ib ra t ion  points  so  obtained were 

consistent  @ t h  the  s t ra igh t  l i n e  (on log v log paper) established f o r  flows 

below 1150 m3/h. If the  measured air supply avai lable  f o r  ca l ib ra t ion  i s  l e s s  

than i n  t h i s  case it may be possible t o  extend ca l ib ra t ion  by t he  bag method 

fur ther  down the  range. 

The ca l ib ra t ion  p lo t s  from which a i r  flow may be estimated from readings of 

anemometer speed are given i n  Fig 2. The low flow range applies when the  low 

flow i n s e r t  (described above) is f i t t e d .  

TEST PROCE3XJRE 

The ex t e r i o r  door of the  dwelling is placed i n  the  wide open posi t ion and t he  

apparatus i s  inse r ted  i n  t he  doorweat. The edges a re  -sealed with adhesive tape,  

A l iquid-f i l led  inclined lpanometer i a  s e t  up t o  measure the  pressure di f ference 

between t he  ins ide  of t h s  building md t h e  outside,  

2 The fan i s  s e t  running and the  speed adjusted t o  give a steady 10 f ~ / m  ~ r e s s u r e  

difference. The anemometer speed i s  then noted. This i s  repeated a t  30 ~ / m  2 

2 and at increnents of 20 ~ / m  , for example, thereafter. 

The fan/duct unit and the  manometer copec t i ons  a r e  then reversed. The procedure 

is repeated with the  pressure di f ference ac t ing  i n  t he  opposite sense. 

A plot  can be made of air flow against  pressure t o  character ise  the  leakage of  

the  building as it was a t  the  time of. t e s t .  The plot  i s  generally of smooth 

"Sf" U e  form ( see Fig 3 and 4) .  

Tests under windy conditions should be avoided i f  possible. Even moderate winds 

may make it d i f f i c u l t  t o  maintain a steedy pressure difference,  With pressure 
2 surges of l e s s  than 2 5 ~ / m  an estimated mean value can be taken and a smooth 

cetrve i s  s t i l l  obtained. It may be advisable t o  protect  t he  in take duct from 

cross wind? by erect ing temporary screens. These should be kebt a t  l e a s t  a 

metre from the  inteke t o  avoid impeding t he  flow. 



The apparatus is  r e a d i l y  porta'ole and can be taken t o  s i t e .  by van and i n s t a l l e d  

and operated by two people. It i s  poss ib le  t o  t e s t  furn ished occupied dwell ings 

without damage t o  f u r n i t u r e  o r  decoration. . 

Figures  3 and 4 show air- leakage curves f o r  an ordinary semi-detached house and 

an experimental house respect ive ly .  No allowance has been made f o r  t h e  leakage 
3 2 of t h e  e x t e r i o r  door replaced by t h e  t e s t  apparatus (about 200 m /h at 50 ~ / m  ) . 

An excess of e x t e r i o r  pressure  over i n t e r i o r  is taken a s  a p o s i t i v e  d i f f e r e n t i a l  

t o  accord with the  convention es takl i shed by BS 4315 on components. 

By us ing  self-adhesive tape  t o  s e a l  var ious  leakage sources t h e i r  con t r ibu t ion  t o  

t o t a l  leakage can be assessed ,  

The ba r  c h a r t s  i n  F i p  3 and Q show t h e  cont r ibut ions  of var ious  leakage sources 
2 under t e s t  estima.ted from leakage curves a t  a pressure of 50 ~ / r n  . 

A s u r p r i s i n g  f e a t u r e  of the  , r e s u l t s  i s  t h e  small proport ion of t o t a l  leakage t h a t  

i s  accounted f o r  by the  door =and windows of the  ordinary house, These were of 

normal t imber cons t ruc t ion  and not f i t t e d  with weathers t r ips .  

The windows of t h e  experimental dwelling, which was intended t o  be p a r t i c u l a r l y  

a i r t i g h t ,  were f i t t e d  with f l e x i b l e  s e a l s  and two back doors i n  s e r i e s  were used. 

The small con t r ibu t ion  from doors and windows i s  not the re fo re  su rp r i s ing .  The 

large con t r ibu t ion  from fhe  ground f l o o r  i s  a t t r i b u t a b l e  t o  t h i s  be ing  of suspended 

type and t o  t h e  crawl space, g iv ing  under f l o o r  access t o  t echn ic i ans ,  be ing  open 

t o  atmosphere a t  t h e  time of t e s t .  The large con t r ibu t ion  from t h e  s t ack  pipe 

cas ing  w a s  due mainly t o  an oversize i r r e g u l a r  hole where t h e  pipe passed i n t o  t h e  

l o f t .  T e s t s  with a smoke t r a c e r  showed t h a t  p a r t  of the  leakage s t i l l  unaccounted 

f o r  was v i a  a mult i tude of cracks a t  panel j o i n t s  and between t h e  frames of doors 

and windows and t h e  wa l l s  surrounding them. 

The apparatus may be used t o  compare one bu i ld ing  with another  i n  terms of t h e i r  

propensi ty t o  leak  air or  t o  monitor t h e  progress of opera t ions  aimed ct reducing 

air leakage i n  a p a r t i c u l ~ r  house. 



It should be possible! t o  postulate a t t a inab le  l eve l s  f o r  new construction when 

enough houses have been t e s t ed  t o  e s t ab l i sh  ex i s t i ng  l eve l s  of leakage. 

The method might be used a s  a performance acceptance t e s t  f o r  new dwellings. 

The air leakage as determined by t h i s  method cannot yet  be d i reo t ly  r e l a t ed  t o  

ven t i l a t ion  r a t e s  and energy usage. This should be possible i n  due course by 

using t he  method on dwellings where these other aspects  have been monitored. 

COWCLUSIONS 

1 An ea s i l y  portable apparatus has been deve lo~ed  f o r  measuring the  a i r  leakage 

cha rac t e r i s t i c s  of whole dwellings. 

2 The new apparatus w i l l  make it possible t o  compare t he  a i r t i gh tnes s  of one 

dwelling with another. 

3 The apparatus enables the  effect  of various leakage souroes on t o t a l  a i r  leakage 

t o  be studied. 

4 The technique could be made t he  bas i s  of a performa.nce acceptance t e s t  f o r  new 

dwellings with a view t o  conserving energy. 
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Fig. 2 .  Air flaw calibration 








