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Sumnary 

A model is p r e s e n t e d  whose i n p u t  is two s e t s  of measurements: 1. a i r  

l e a k a g e  under f a n  p r e s s u r i z a t i o n ,  and 2. n a t u r a l  p r e s s u r e  d i f f e r e n c e s  

between i n d o o r s  and ou tdoors .  The o u t p u t  i s  t h e  house's  n a t u r a l  i n f i l t r a -  

t i o n  r a t e .  The model was t e s t e d  on s i x  Uni ted S t a t e s  h o u s e s ,  t h r e e  conven- 

t i o n a l  houses  l o c a t e d  i n  a  r e g i o n  of mi ld  c l i m a t e  and t h r e e  energy-  

e f f i c i e n t  houses  l o c a t e d  i n  a  co ld  w i n t e r  r e g i o n  of t h e  coun t ry .  Good 

agreement was o b t a i n e d  between i n f i l t r a t i o n  r a t e s  measured u s i n g  a  t r a c e r  

g a s  and r a t e s  c a l c u l a t e d  from t h e  model. 

F u i t e s  d ' a i r ,  p r e s s i o n s  de  s u r f a c e  e t  t a u x  de  

renouvel lement  d ' a i r  dans  l e s  maisons  

Re'sumd 

Nous p r d s e n t o n s  un mode'le n d c e s s i t a n t  deux ensembles d e  mesures:  I. 

f u i t e  d ' a i r  sous  p r e s s i o n  p a r  un v e n t i l a t e u r  e t  2. d i f f e k e n c e s  de  p r e s s i o n  

n a t u r e l l e s  e n t r e  l ' i n t d r i e u r  e t  l e e x t d r i e u r  d"une maison. Le r e ' s u l t a t  du 

modere e s t  l e  renouvel lement  n a t u r e 1  d ' a i r .  Ce modele d d t d  v d r i f i e '  s u r  

s i x  maisons  aux Etats-Unis , dont  t r o i s  maisons c o n v e n t i o n n e l l e s  s i t u d e s  

dans  une r d g i o n  d e  c l i m a t  temphrd e t  t r o i s  maisons 2 h a u t e  e ' f f i c a c i t e '  

d n e r g d t i q u e  s i t u d e s  dans  une r h g i o n  f  r o i d e  du pays e t  v i s i t d e s  en h i v e r .  

Nous avons ob tenu  un bon accord  e n t r e  l e s  p r d d i c t i o n s  du mode'le e t  l e s  t a u x  

d e  r e n o u v e l l e b e n t  d ' a i r  mesurhs avec  un gaz  t r a c e u r .  
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I n t r o d u c t i o n  

While t h e  importance of reduc ing  a i r  i n f i l t r a t i o n  r a t e s  i n  b u i l d i n g s  

is  wide ly  recognized  as an i n p o r t a n t  g o a l  f o r  energy  c o n s e r v a t i o n ,  many 

problesns remain t o  be  s o l v e d  b e f o r e  a c c e p t a b l e  l e v e l s  f o r  a i r  exchange 

r a t e s  can  be i n c o r p o r a t e d  i n t o  b u i l d i n g  codes * One problem is  i n  e n s u r i n g  

adequa te  i n d o o r  a i r  q u a l i t y  i n  t i g h t e n e d  s t r u c t u r e s  w i t h  low a i r  exchange 

r a t e s .  h o t h e r  problem i s  i n  d e v e l o p i n g  a  measurement p rocedure  t h a t  can 

be used t o  check t h a t  new b u i l d i n g s  are meet ing t h e  p r e s c r i b e d  Pfmit  f o r  

a i r  l e a k a g e .  An e s s e n t i a l  p a r t  o f  t h i s  problem is  i n  u n d e r s t a n d i n g  t h e  

nechanisms d r i v i n g  a i r  i n f i l t r a t i o n *  I n  an  a t t e m p t  t o  f i n d  a  s i m p l i f i e d  

method f o r  measur ing air i n f i l t r a t i o n ,  t h i s  paper  l o o k s  a t  t h e  c o r r e l a t i o n  

between t h e  s u r f a c e  p r e s s u r e s  d i s t r i b u t e d  over  t h e  e x t e r i o r  s u r f a c e  of t h e  

b u i l d i n g  and t h e  a i r  i n f % % t r a t l o n  r a t e  a s  measured. As p a r t  o f  t h i s  s t u d y ,  

s i x  houses  were su rveyed ,  t h r e e  t y p i c a l  houses  i n  t h e  r e l a t i v e l y  mild  c l i -  

mate o f  t h e  San F r a n c i s c o  Bay a r e a ,  and t h r e e  e n e r g y - e f f i c i e n t  h o u s e s ,  r e -  

c e n t l y  b u i l t  i n  t h e  n o r t h e r n  midwest s e c t i o n  of t h e  Uni ted S t a t e s .  The 

s u r v e y  was des igned  t o  s e e  f f  t h e  minor m o d i f i c a t i o n s  i n  t h e  b u i l d i n g  of 

t h e  midwest houses  showed s i g n i f i c a n t  r e d u c t i o n s  i n  t h e  a i r  i n f i l t r a t i o n  

r a t e s  from t h e  C a l i f o r n i a  houses .  Good agreement i s  found between p r e d i c t -  

ed  and measured i n f i l t r a t i o n  r a t e s  c o n s i d e r i n g  t h e  s i m p l i c i t y  o f  t h e  model 

used t o  c a l c u l a t e  t h e  p r e d i c t e d  i n f i l t r a t i o n  r a t e s .  

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

The model we used t o  d e s c r i b e  t h e s e  r e s u l t s  has  been d i s c u s s e d  i n  a 

p r e v i o u s  paper  [ I ]  and w i l l  be  summarized b u t  b r i e f l y  i n  t h i s  r e p o r t .  A 

model s i m i l a r  t o  t h i s  h a s  a l s o  been used i n  wind t u n n e l  s t u d i e s  by Matting- 

l y  and P e t e r s  621 and by Kelnhofer [ 3 ]  . 
Pleasurement o f  t h e  a i r  l e a k a g e  o f  a house u s i n g  f a n  p r e s s u r i z a t i o n  

y i e l d s  an  a v e r a g e  l e a k a g e  f u n c t i o n  f o r  t h e  house.  A t y p i c a l  l e a k a g e  c u r v e  

i s  s h o r n  i n  F ig .  1. 

Measurements of t h e  mean s u r f a c e  p r e s s u r e s ,  t h e  d r i v i n g  mechanism f o r  

t h e  n a t u r a l  v e n t i l a t i o n  p r o c e s s ,  combined wi th  t h e  l e a k a g e  f u n c t i o n  p r e d i c t  

t h e  r e s p o n s e ,  Lee .  t h e  a i r  f l o w  th rough  $he s t r u c t u r e .  Th i s  c a l c u l a t e d  a i r  

f low d i v i d e d  by t h e  volume of t h e  house y i e l d s  t h e  a i r  exchange r a t e  f o r  

t h e  house which we compare t o  a i r  exchange r a t e s  measured wi th  a  t r a c e r  

g a s .  

E4any assumpt ions  are con ta ined  f n  that b r i e f  summaryo Some r e p r e s e n t  

an  i n h e r e n t  i n a b i l i t y  to ob t a i n  more i n f o r m a t i o n  about  t h e  p r o c e s s  w h i l e  

o t h e r s  w i l l  be  modi f i ed  as t h e  model evo lves  i n  f u t u r e  work. We assume: 

(A)  That  t h e  l e a k a g e  f u n c t i o n  r e p r e s e n t s  a  uniform d i s t r i b u t i o n  of c r a c k s  
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Figure  1. A i r  l eakage  vs .  p r e s s u r i z a t i o n  f o r  t h e  Haven 
house. The s o l i d  l i n e  r e f e r s  t o  normal ope ra t i ng  cond i t i ons ;  
t h e  duc t s  were s ea l ed  when t h e  measurements descr ibed  by t h e  
dashed l i n e  were made- 

and openings over  t he  s h e l l  of t h e  s t r u c t u r e .  (This assumption improves a s  

t h e  number of l a r g e  openings,  such a s  chimneys and v e n t s ,  goes t o  zero . )  

(B) That t h e  f low i n t o  t h e  s t r u c t u r e  caused by t h e  average p o s i t i v e  su r -  

f a c e  p re s su re  equa l s  t h e  f low ou t  of t h e  s t r u c t u r e  caused by t h e  average 

nega t ive  s u r f a c e  pressure .  ( I n  both cases  t h e  r e f e r ence  p re s su re  i s  the  

p re s su re  of  t h e  i n t e r i o r  of t h e  house.)  

( C )  That a t  t h e  low s u r f a c e  p re s su re s  seen ,  t h e  f low through t h e  s t r u c t u r e  

is  l i n e a r l y  p ropor t i ona l  t o  t h e  average p o s i t i v e  (or  nega t ive )  sur f  ace  

p re s su re .  Th i s ,  i n  t u r n ,  assumes t h a t  t h e  major p o r t i o n  of t h e  a i r  f low 

comes through c racks .  Honma's work [ 4 ]  shows t h a t  f o r  t h e  p re s su re  range 

s i m i l a r  t o  t he  s u r f a c e  p r e s s u r e s  observed i n  t h i s  s t udy ,  t h e  f low through a  

c r ack  i s  l i n e a r l y  p ropor t i ona l  t o  t he  p re s su re  d i f f e r e n c e  a c r o s s  t h e  crack.  

(D) That p re s su re  f l u c t u a t i o n s  wi th  f r equenc i e s  l e s s  than 1 Hz a l l  c o n t r i -  

b u t e  t o  t h e  average  s u r f a c e  p r e s s u r e ,  i . e .  t h a t  mixing of outdoor and in- 

door a i r  occurs  r a p i d l y  compared t o  a  t i m e  s c a l e  of seconds. The da t a  log- 



g i n g  t e c h n i q u e  f o r  t h e  s u r f a c e  p r e s s u r e  measurements f i l t e r s  o u t  a l l  f re-  

q u e n c i e s  h i g h e r  t h a n  1 Hz. A i r  movement a long  t h e  w a l l  of 50mm/s sweeps 

incoming a i r  emerging from a  c r a c k  (width  of 1 m) a c r o s s  t h a t  c r a c k  i n  20 

msec. Theref o r e  f l u c t u a t i o n s  o f  p r e s s u r e  hav ing  f r e q u e n c i e s  g r e a t e r  t h a n  

about  50 Hz would b e  r e q u i r e d  t o  p r e v e n t  mixing.  

T e s t  p r o c e d u r e s  - 
I n f i l t r a t i o n  r a t e s  were measured u s i n g  a s t a n d a r d  t r a c e r  gas  t ech-  

n ique .  Ethane was i n j e c t e d  i n t o  t h e  r e t u r n  d u c t  of a f o r c e d  a i r  h e a t i n g  

system u n t i l  i t s  c o n c e n t r a t i o n  reached  8b ppm. A t  t h i s  t i m e  t h e  i n j e c t i o n  

was s topped  and t h e  c o n c e n t r a t i o n  monitored a s  a  f u n c t i o n  of t ime.  I f  t h e  

a i r  exchange r a t e ,  A ,  i s  c o n s t a n t  and i f  mixing between t h e  i n s i d e  and ou t -  

s i d e  a i r  is  a d e q u a t e  t h e  c o n c e n t r a t i o n  d e c r e a s e s  e x p o n e n t i a l l y  i n  t ime  w i t h  

a  t i m e  c o n s t a n t  g i v e n  by t h e  r e c i p r o c a l  o f  t h e  a i r  exchange r a t e .  

A i r  l e a k a g e  v a l u e s  w i t h  f a n  p r e s s u r i z a t i o n  were o b t a i n e d  by t emporar i -  

l y  s e a l i n g  a  t u b e a x i a l  f a n  d r i v e n  by a  v a r i a b l e  speed motor i n t o  an  open 

doorway (F ig .  2 ) .  The f a n  speed was a d j u s t e d  t o  g i v e  a  predetermined set 

of  p r e s s u r e  d i f f e r e n c e s  between t h e  i n s i d e  and o u t s i d e  o f  t h e  s t r u c t u r e ;  

f low th rough  t h e  f a n  was measured u s i n g  a  f i x e d  p i t o t  t u b e  a r r a y  w i t h  a  

f low s t r a i g h t e n e r .  At t h e  p r e s s u r e s  used,  t h e  f l o w  th rough  t h e  f a n  i s  

e q u a l  t o  t h e  f l o w  th rough  t h e  s h e l l  of t h e  house.  

house k p l a s t i c  sheet 

J fan duct 

F i g u r e  2.  A s k e t c h  o f  t h e  blower door  assembly.  

Measurements o f  a i r  l e a k a g e  u s i n g  bo th  p r e s s u r i z a t i o n  and d e p r e s s u r i -  

z a t i o n  were made. I n  a d d i t i o n ,  measurements w i t h  t h e  houses  i n  t h e i r  nor-  

m a l  o p e r a t i n g  c o n d i t i o n  were fol lowed by measurements o b t a i n e d  when major 



v e n t  open ings  were covered b y  p l a s t i c  and t aped .  Fig .  1, above,  shows a 

t y p i c a l  l e a k a g e  curve .  

S u r f a c e  p r e s s u r e s  were measured u s i n g  a c a p a c i t a n c e  d i f f e r e n t i a l  p res -  

s u r e  s e n s o r  a t t a c h e d  t o  a manifold  (Pig .  3 ) .  Seven p r e s s u r e  t a p s  were con- 

n e c t e d  t o  t h e  manifold  u s i n g  6 m i . d .  p l a s t i c  tub ing .  Each t a p  was sam- 

p l e d  i n  sequence f o r  t e n  seconds  a t  40 Hz by opening and c l o s i n g  s o l e n o i d  

v a l v e s  on t h e  manifold  under t h e  c o n t r o l  of a microprocessor .  The m i -  

c r o p r o c e s s o r  p rocessed  t h e  p r e s s u r e  d a t a ,  and s t o r e d  t h e  r e s u l t s  on a f l o p -  

py d i s k .  

F i g u r e  3. Ske tch  of p r e s s u r e  t a p  and s e n s o r  c o n f i g u r a t i o n  
used i n  measur ing s u r f a c e  p r e s s u r e s .  

Local  weather  c o n d i t i o n s  (wind speed and d i r e c t i o n ,  d r y  bu lb  tempera- 

t u r e )  were measured a t  each  s i t e  u s i n g  equipment mounted on a 10 meter  

weather  tower.  Indoor  t empera tu re  and r e l a t i v e  humid i ty  were measured us- 

i n g  a hygrothermograph l o c a t e d  i n  t h e  l i v i n g  room of each  house.  A s  w i t h  

s u r f a c e  p r e s s u r e s ,  wea ther  d a t a  was p rocessed  and logged by t h e  micropro- 

c e s s o r .  

House P e s c r i p t i o n s  

A. Haven: Located i n  Walnut Creek,  C a l i f o r n i a .  Mild c l i m a t e  (1760 

h e a t i n g  ( 1 8 . 3 O ~  b a s e )  degree  days  1. One s t o r y  wood f rame c o n s t r u c t i o n .  
2 B u i l t  i n  1 9 6 5 .  Gas f o r c e d  a i r  h e a t i n g  system.  100 m f l o o r  a r e a ,  230 m 

3 

volume. S i n g l e  g l a z e d  s l i d i n g  g l a s s  windows, f i r e p l a c e ,  l e a k y  h e a t i n g  

d u c t s .  Well s h i e l d e d  from a l l  d i r e c t i o n s  by t r e e s ,  f e n c e s  and o t h e r  b u i l d -  

i n g s .  

B e  Nei l son :  Located i n  Berke ley ,  C a l i f o r n i a .  Mild c l i m a t e  (1780 h e a t -  



i n g  degree  d a y s ) .  One s t o r y  wood f rame c o n s t r u c t i o n .  B u i l t  i n  1324- Gas 
2  3  

f l o o r  f u r n a c e  h e a t i n g .  96 m f l o o r  a r e a ,  249 m volume. S i n g l e  g l a z e d  

windows, f i r e p l a c e  w i t h  no damper. Unshie lded on two s i d e s .  

C. Purdue: Located i n  Kensington,  C a l i f o r n i a .  Mild c l i m a t e  ( 1  780 

h e a t i n g  d e g r e e  d a y s ) .  One s t o r y  wood f rame c o n s t r u c t i o n .  B u i l t  i n  1949. 
2  3  

Gas f o r c e d  a i r  h e a t i n g  system.  93 m f l o o r  a r e a ,  240 m volume. S i n g l e  

g l a z e d  windows. Leaky d u c t  sys tem,  f i r e p l a c e ,  w e l l  s h i e l d e d  on t h r e e  of 

f o u r  s i d e s .  

D. Ivanhoe: Located i n  N o r t h f i e l d ,  Minnesota.  Severe  c l i m a t e  (4380 

h e a t i n g  degree  d a y s ) .  Two s t o r y  wood f rame (2  x  8") c o n s t r u c t i o n .  B u i l t  

i n  1977. Well i n s u l a t e d  w a l l s  and c e i l i n g .  Double and t r i p l e  g lazed  case-  

ment windows. 0.10 mm p o l y e t h e l e n e  vapor  b a r r i e r .  A c t i v e  s o l a r  h e a t i n g  
2  sys tem w i t h  e l e c t r i c  back-up. Sea led  combustion wood s t o v e .  174 m f l o o r  

3  a r e a ,  490 m volume. Owner-buil t  a i r - t o - a i r  h e a t  exchanger i n s t a l l e d .  

S h i e l d i n g  p rov ided  by b u i l d i n g  d e s i g n ,  l i t t l e  n a t u r a l  s h i e l d i n g .  

E. Telemark: Located i n  Northf i e l d  , Minnesota.  Severe  c l i m a t e  (4380 

h e a t i n g  d e g r e e  d a y s ) .  Two s t o r y  wood f rame ( 2  x 4") c o n s t r u c t i o n .  B u i l t  

i n  1978. - Well i n s u l a t e d  w a l l s  and c e i l i n g .  T r i p l e  g l a z e d  casement win- 

dows. 0.15 nm p o l y e t h e l e n e  vapor  b a r r i e r .  O i l  f i r e d  h o t  wa te r  r a d i a n t  
2  h e a t i n g  system:  s e a l e d  combustion wood s t o v e  back-up. 197 m f l o o r  a r e a ,  

3  
480 m volume. Good s h i e l d i n g  p rov ided  by t r e e s  and t e r r a i n .  

F. Torey P i n e s :  Located i n  Ames, Iowa. Cold w i n t e r  c l i m a t e  (3580 

h e a t i n g  degree  days . )  Three  s t o r y  wood frame (2  x  6") c o n s t r u c t i o n .  B u i l t  

i n  1978. S e v e r a l  d i f f e r e n t  i n s u l a t i o n  d e s i g n s  i n  d i f f e r e n t  w a l l s .  Double 

g l a z e d  s l i d i n g  g l a s s  windows. 0.10 m p o l y e t h e l e n e  vapor  b a r r i e r .  Many 
2  h e a t i n g  systems p o s s i b l e  i n c l u d i n g  a c t i v e  s o l a r .  220 m f l o o r  a r e a ,  480 m 3  

volume. Unshie lded b u i l d i n g  s i t e :  e a r t h  berms and f e n c e s  reduce  wind expo- 

s u r e .  

R e s u l t s  

R e s u l t s  of t h i s  s t u d y  a r e  p r e s e n t e d  i n  t a b u l a r  form and a s  F i g u r e s  4 -  

6 .  T a b l e  1 g i v e s  a i r  l e a k a g e  measured a t  50 P a s c a l s  f o r  e a c h  house i n  i t s  

normal o p e r a t i n g  c o n d i t i o n ,  t h e  range  of n a t u r a l  i n f  il t r a t i o n  r a t e s  rneas- 

ured f o r  t h e  house and t h e  low p r e s s u r e  l e a k a g e  f u n c t i o n  a p p l i c a b l e  t o  t h e  

4-1- f i v e  P a s c a l  p r e s s u r e  range.  



- 7 -  

I - --- 
--1 

I T a b l e  1 I 
I I * - I n f  i l t r a t i o n  Leakag% 
I Leakage R a t e s  Func t ion  I 
I - 1 - 1 I 
I ( h r  ) ( h r  ) (m3* hr-'0 pa-' ) I 
I Haven 14 0- 15-0.61 135 
I Purdue 13 0 50-0 . 69 144 I 
I N e i l s o n  18 0.64-1.36 21 5 I 
I Telernark 2.5 0.08-0.13 24 I 
I Ivanhoe 1.8 C. 10-0.12 15 I 
I Torey P i n e s  3.2 0.31-0.42 47 I VTP~ ---I 

b Between -5 and +5 Pa.  

F ig .  4 s u m a r i z e s  t h e  a i r  l e a k a g e  v a l u e s  ( a i r  changes p e r  hour )  a t  50 

P a s c a l s  - 

3 6 12 18 
kr changes per hour at 50 pascals 

F i g u r e  4. A i r  l e a k a g e  v a l u e s  measured f o r  t h e  s u r v e y  
houses .  (The v a l u e s  a r e  t h e  a v e r a g e  o f  p r e s s u r i z a t i o n  and 
d e p r e s s u r i z a t i o n  r e s u l t s  and a r e  normal ized  by d i v i d i n g  t h e  
f l o w  v a l u e s  by t h e  house  volume.) 

T a b l e  2 and F i g -  5 p r e s e n t  a  comparison of  measured and p r e d i c t e d  

i n f i l t r q t i o n  r e s u l t s  f o r  t h e  s i x  houses .  Average weather  c o n d i t i o n s  

d u r i n g  t h e  measurements a r e  g iven  i n  Tab le  2. 



T a b l e  2 I 
I I I 

I I n f i l t r a t i o n  Speed D i f f e r e n c e  I n f i l t r a t i o n  1 
I I 
I 

I - - ( h r - l )  .- (m/s) -- (deg C) ( h r - l )  i 
Haven 0.26 5 6  0.23 

1 
5 10 L 0 -  69 - 0.72 1 

I Telemark 0.13 5 26 0. 15 
0.10 4 25 0.12 

I 
I 

0.08 3 25 0 - 1 2  
I 

- 
I Torey P i n e s  0.35 7 18 0.27 

0.27 
I 

I 0.31 6  19 
0 - 2 8  

I 
I 0.42 7 19 

0.25 
I 

I 0.42 8 19 
0.38 8 2 0 0.25 

I 
I-- - I 

The agreement between p r e d i c t e d  and measured i n f i l t r a t i o n  r a t e s  i s  

good c o n s i d e r i n g  t h e  s i m p l i c i t y  o f  t h e  model used f o r  t h e  p r e d i c t i o n s .  

The a v e r a g e  o f  t h e  r a t i o  of measured and p r e d i c t e d  i n f i l t r a t i o n  r a t e s  

f o r  a l l  t h e  p o i n t s  i s  1.35 4-1- 0.58. The u n c e r t a i n t y  l i s t e d  is  t h e  

s t a n d a r d  d e v i a t i o n  of a l l  t h e  p o i n t s .  While some of  t h e  d i f f e r e n c e s  

between measured and p r e d i c t e d  v a l u e s  f o r  a  p a r t i c u l a r  house w i l l  be t h e  

r e s u l t  of s y s t e m a t i c  e r r o r s ,  t h e  v a r i a t i o n s  over  t h e  s i x  houses  w i l l  

t end  t o  be  more random, T h e r e f o r e  we f e e l  t h a t  t h e  u s e  o f  t h e  s t a n d a r d  

d e v i a t i o n  t o  r e p r e s e n t  t h e  s p r e a d  of v a l u e s  i n  t h e  model i s  a p p r o p r i a t e  



Telemark 
sl Tmy Rnes 
@ Ovanb 
A Neilson 
n Pudue 
0 Haven 

0.2 0.4 0.6 0.8 1.0 1.2 
Infiltration memured (hr-I ) 

F i g u r e  5 .  I n f i l t r a t i o n  r a t e s  p r e d i c t e d  f o r  each house from 
a i r  l e a k a g e  and s u r f a c e  p r e s s u r e  measurements p l o t t e d  v e r s u s  
i n f i l t r a t i o n  r a t e s  measured w i t h  a  t r a c e r  g a s .  The dashed 
l i n e  is  t h e  l o c u s  o f  p o i n t s  f o r  which measured and p r e d i c t e d  
v a l u e s  a g r e e *  It i s  n o t  a f i t  of  t h e  o b s e r v a t i o n s  - 

f o r  the d a t a .  

Sys temat ic  e r r o r s  which a r e  p r e s e n t  i n c l u d e :  

( a )  i n a d e q u a t e  a b i l i t y  t o  account  f o r  t h e  l e a k a g e  behav ior  of l a r g e  

openings  ( s u c h  as a  f i r e p l a c e  w i t h o u t  a  damper) i n  t h e  b u i l d i n g  s h e l l .  

I n  a  p r e v i o u s  p u b l i c a t i o n  [ I ] ,  t h e s e  openings  were t aped  c l o s e d ;  i n  t h i s  

work, houses  were measured i n  t h e i r  normal c o n d i t i o n .  The e f f e c t  of a 

l a r g e  opening w i l l  depend upon t h e  p r e s s u r e  d i s  t r i b u t i o n  over  the s h e l l  

T h i s  i n  t u r n  w i l l  depend upon t h e  weather  c o n d i t i o n s  a t  t h e  house dur- 

i n g  t h e  measurements. 

(b )  P r e s s u r e s  caused by t h e  s t a c k  e f f e c t  a r e  n o t  w e l l  t r e a t e d  by t h e  

measurement p rocedure  a s  i t  c u r r e n t l y  e x i s t s .  A f a r  b e t t e r  p rocedure  

would b e  t o  u s e  i n d i v i d u a l  p r e s s u r e  s e n s o r s  mounted a d j a c e n t  t o  hor izon-  

t a l  p r e s s u r e  t a p s  p a s s i n g  through t h e  w a l l s .  Th i s  e l i m i n a t e s  t h e  uncer-  

t a i n t y  due t o  unknown tempera tu re  d i s t r i b u t i o n s  i n  t h e  v e r t i c a l  r u n s  of 

t u b i n g  c o n n e c t i n g  t h e  p r e s s u r e  t a p  t o  t h e  p r e s s u r e  s e n s o r .  However, o u r  

p rocedure  was des igned  t o  b e  a  p o r t a b l e  t e c h n i q u e  t o  b e  used i n  occupied 

houses .  T h e r e f o r e  p e n e t r a t i o n s  o f  t h e  b u i l d i n g  s h e l l  were t o  be  minim- 

i z e d .  T h i s  l e d  t o  our  p r e s e n t  p rocedure .  

The d i f f e r e n c e s  seen  between t h e  mi ld  c l i m a t e  and s e v e r e  c l i m a t e  



houses  is  s t r i k i n g .  Admi t ted ly  t h e  s e l e c t i o n  is  b i a s e d  s i n c e  t h e  

midwest houses  are new and were des igned  t o  b e  energy-eff  i c i e n t .  Both 

W n n e s o t a  houses  have  such  a  low n a t u r a l  v e n t i l a t i o n  r a t e  t h a t  indoor  

a i r  q u a l i t y  problems could  occur .  It i s  worth n o t i n g  t h a t  t h e  two Min- 

n e s o t a  h o u s e s ,  b u i l t  by a p r i v a t e  c o n t r a c t o r  and comple te ly  f i n a n c e d  by 

t h e i r  owners,  comply t o  t h e  s t r i c t  1978 Swedish a i r  l e a k a g e  s t a n d a r d .  

F u t u r e  d i r e c t i o n s  f o r  t h i s  work i n c l u d e :  1. S tudy ing  t h e  e f f e c t s  

of t h e  t e r r a i n  upon s u r f a c e  p r e s s u r e s  of a  house.  2. Developing meas- 

urement t e c h n i q u e s  which can be used t o  s t u d y  t h e  g r o s s  d i s t r i b u t i o n  of 

l e a k a g e  s i t e s  i n  t h e  s h e l l  of  a  house.  3 .  Extending t h e  s t u d y  t o  o t h e r  

hous ing  s t y l e s  i n  o t h e r  c l i m a t e  zones  i n  t h e  Uni ted S t a t e s .  
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