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A i r  i n f i l t r a t i o n  h a s  l o n g  b e e n  r e c o g n i z e d  a s  a  s i g n i f i c a n t  p o r t i o n  o f  t h e  t o t a l  h e a t i n g  o r  
c o o l i n g  l o a d s  i n  a  r e s i d e n c e .  I n f i l t r a t i o n  r a t e s  a r e  e x t r e m e l y  d i f f i c u l t  t o  p r e d i c t  a c c u r a t e l y  
f o r  3 r e s i d e n c e  b e c a u s e  o f  t h e  numerous  v a r i a b l e s  t h a t  a r e  i n v o l v e d ,  t h e  c o m p l e x i t i e s  o f  
i n t c r a c t l o n s  among t h e  v a r i a b l e s  and  t h e  i n a b i l i t y  t o  e x a c t l y  d e t e r m i n e  t h e  m a g n i t u d e  o f  t h e  
v a r i a b l e s .  I n  o r d e r  t o  i m p r o v e  r e s i d e n t i a l  e n e r g y  p r e d i c t i o n  p r o c e d u r e s ,  a  d e t a i l e d  i n v e s t i -  
g a t i o n  was  c o n d u c t e d  b y  O h i o  S t a t e  U n i v e r s i t y  u n d e r  EPRI s p o n s o r s h i p  t o  o b t a i n  m e a s u r e d  d a t a  
a t  n i n e  r e s e a r c h  r e s i d e n c e s  i n  Co lumbus .  

The  o b j e c t i v e  o f  t h i s  i n v e s t i g a t i o n  was  t o  d e v e l o p  a  g e n e r a l i z e d  c o m p u t e r  s i m u l a t i o n  model  
t o  p r e d i c t  h o u r l y  a i r  i n f i l t r a t i o n  r a t e s  i n t o  a  r e s i d e n c e .  The mode l  s h o u l d  a c c o u n t  f o r  t h e  
s u s p e c t e d  p a r a m e t e r s  t h a t  i n f l u e n c e  a i r  i n f i l t r a t i o n ,  s u c h  a s  w e a t h e r ,  orientation, c r a c k  s i z e s ,  
c o m b u s t i o n  p r o c e s s e s ,  e x h a u s t  f a n  o p e r a t i o n ,  a n d  window a n d  d o o r  o p e n i n g s .  

Most p r e v i o u s  work  h a s  mode led  i n f i l t r a t i o n  u s i n g  t h e  f o l l o w i n g  g e n e r a l  f o r m  w h i c h  h a s  b e e n  
t - c p o ~ ~ c ~ i i  i n  s e v e r a l  articles: (1 -16)  

Wliere: 

111 = H o u r l y  a i r  i n f i l t r a t i o n  

A , B , C  = S t a t i s t i c a l  l i n e a r  r e g r e s s i o n  c o n s t a n t s  f o r  a  p a r t i c u l a r  r e s i d e n c e  

A 'r = I n d o o r - o u t d o o r  t e m p e r a t u r e  d i f f e r e n c e  

WS = Wind s p e e d  

T y p i c a l l y ,  e a c h  r e p o r t  was  t h e  r e s u l t  o f  r e s e a r c h  c o n d u c t e d  i n  1 -24  homes a n d  t h e  d a t a  
c o l l e c t e d  i n  e a c h  was  n o t  e x t e n s i v e .  The u s u a l  p r o c e d u r e  i n v o l v e d  i n  t h e s e  i n v e s t i g a t i o n s  was 
t o  m e a s u r e  a i r  i n f i l t r a t i o n  by means  o f  a t r a c e r  g a s .  S i m u l t a n e o u s l y ,  w e a t h e r  p a r a m e t e r s  w e r e  
m e a s u r e d  a n d  t h e  r e s u l t s  p r e s e n t e d  i n  t h e  f o r m  o f  l i n e a r  e q u a t i o n s  o r  s t a t i s t i c a l  r e g r e s s i o n s .  
The s i g n i f i c a n t  p o i n t s  o f  e a c h  r e p o r t  a r e  p r e s e n t e d  i n  t h e  f u l l  d o c u m e n t a t i o n  r e p o r t  t o  t h e  
r p o n s o r .  No s u b s ~ a n t i a l  c o n s i s t e n c y  among t h e  v a r i o u s  r e s u l t s  was  found  e x c e p t  f o r  t h e  
intercept a t  a b o u t  0 . 1  a i r  c h a n g e s  p e r  h o u r .  

- 
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No mechanism was i d e n t i f i e d  which would a c c o u n t  f o r  t h i s  i n f i l t r a t i o n  i n  t h e  a b s e n c e  of d r i v i n g  
f o r c e s .  

IIATA COLLECTION - 

The b a s i c  a p p r o a c h  t a k e n  i n  t h e  measurement  o f  a i r  i n f i l t r a t i o n  was t o  u s e  t h e  t r a c e r  g a s  
I ~ ~ c l r n l c l u e .  . J u s ~ i f  i c i ~ t  i o n  of t h i s  a p p r o a c h  wa8 based  on two nrgrlmenta. F i r t i t ,  t h e  t r n c c r  g:irj 
t e c h n i q u e  d o e s  n o t  i n t e r f e r e  w i t h  t h e  n a t u r a l  a i r  i n f i l t r a t i o n  p r o c e s s .  T h i s  i s  a  s i g n i f i c a n t  
a d v a n t a g e  o v e r  t h e  e x h a u s t  f a n  a p p r o a c h  w h i c h - r e q u i r e s  a  f i x e d ,  i n d o o r - o u t d o o r  p r e s s u r e  
d i f f e r e n c e ,  The s e c o n d  a d v a n t a g e  of  t h e  t r a c e r  g a s  t e c h n i q u e  was t h e  a v a i l a b i l i t y  of a n  
au tomated  d e v i c e  which  would c o l l e c t  d a t a  c o n t i n u o u s l y  f o r  s e v e r a l  d a y s  a t  a  t i m e  b e f o r e  manual 
a d j u s t m e n t s  were  r e q u i r e d .  

The d e v i c e  u s e d  on t h i s  p r o j e c t  was c o n s t r u c t e d  by D r .  David T.  H a r r j e  of  P r i n c e t o n  U n i v e r s i t y .  
The d e v i c e  was m a n u a l l y  f a b r i c a t e d  from components  and i s  n o t  c o m e r c i a l l y  a v a i l a b l e  a s  a  p a c k a g e .  
The d e s i g n  was s i m i l a r  t o  o t h e r  u n i t s  c o n s t r u c t e d  by D r .  H a r r j e  which were  u s e d  on t h e  Twin K i v e r s  
p r o j e c t .  Minor improvements  were  i n c o r p o r a t e d  i n t o  t h e  d e s i g n  and f a b r i c a t i o n  of t h i s  u n i t  b a s e d  
on h i s  p r e v i o u s  e x p e r i e n c e .  

The m a j o r  components  ( s e e  F i g u r e  1) of t h e  a i r  i n f i l t r a t i o n  m e a s u r i n g  d e v i c e  w e r e :  

1. Leak d e t e c t o r  u n i t .  

2 .  Removable SF6 s t o r a g e  and i n j e c t i o n  u n i t  

3 .  C a r r i e r  g a s ,  99 .995% p u r e  a r g o n ,  s t o r a g e  and i n j e c t i o n  components ,  

4 .  Timer c o n t r o l  p a n e l .  

5 .  Sampl ing  s y s t e m .  

6 .  S t r i p  c h a r t  r e c o r d e r .  

I d i t h i n  t h e  d e t e c t o r  u n i t ,  t h e  sampled a i r  i s  s e p a r a t e d  i n t o  components  of  v a r y i n g  m o l e c u l a r  
w e i g h t .  A 500 mc t r i t i u m  s o u r c e  r e c o g n i z e s  and r e c o r d s  t h e  e l e c t r o n  a b s o r p t i v i t y  o f  t h e  
s e p a r a t e d  components  of  t h e  sampled a i r .  S u l f u r  h e x a f l u o r i d e  c o n c e n t r a t i o n s  a r e  measured i n  t h e  
r a n g e  o f  5 t o  65  p a r t s  p e r  b i l l i o n  i l l u s t r a t i n g  t h e  s e n s i t i v i t y  of t h e  d e t e c t o r .  T t ~ c  c o n c c n t r a -  
t i o n s  were  p e r m a n e n t l y  r e c o r d e d  on t h e  s t r i p  c h a r t  r e c o r d e r .  

The s e q u e n t i a l  s t e p s  i n  a  t y p i c a l  3-hour c y c l e  a r e :  

1. I n j e c t i o n  o f  1 0  c c  of SF6 i n t o  t h e  r e t u r n  a i r  d u c t  a d j a c e n t  t o  t h e  f u r n a c e  once  e v e r y  
t h r e e  h o u r s .  

2 .  Sampl ing  of r e t u r n  a i r  e v e r y  1 5  m i n u t e s  and r e c o r d i n g  r e s u l t s  on s t r i p  c h a r t  r e c o r d e r .  

A c o m p r e h e n s i v e  r e p o r t  on t h e  i n s t r u m e n t a t i o n  c a n  b e  found  i n  R e f e r e n c e  1 6 .  

A t y p i c a l  o u t p u t  o f  t h e  d a t a  s t o r e d  on t h e  s t r i p  c h a r t  r e c o r d e r  i s  p r e s e n t e d  i n  F i g u r e  2 .  
T h e  s t a n d i n g  c u r r e n t ,  1 0 ,  was u s u a l l y  be tween  70-90 ( a r b i t r a r y  u n i t s ) ,  w h i l e  t h e  SF6 c u r r e n t  
would v a r y  c o n s i d e r a b l y  depending  upon t h e  c o n c e n t r a t i o n  l e v e l s .  Each v a l u e  of I and I 
r e c o r d e d  e v e r y  1 5  m i n u t e s .  T h r e e  o b s e r v a t i o n s ,  a t  30 s e c o n d  i n t e r v a l s  w e r e  a v e r a g e d  t o  

0 was  

d e t e r m i n e  t h e  mean v a l u e  of I .  

C a l l b r d t i o n  o f  t h e  d c v l c e  was a c h i e v e d  by u s e  of a  z e r o  l e a k a g e ,  p l e x i g l a s s ,  1 0 , 0 0 0  c c  p i s t o n -  
c y l i n d e r .  The c a l i b r a t i o n  p r o c e d u r e  was d e v e l o p e d  by D r .  D .  T .  H a r r j e  of P r l n c e t o n  U n i v e r s i t y .  

A c o m p l e t e  d e s c r i p t i o n  of  t h e  t e s t  s i t e s  c a n  b e  found i n  R e f e r e n c e  1 7 ;  T a b l e  1 summarizes  t h e  
c h a r a c t e r i s t i c s  of  t h e  s i t e s .  

A i r  i n f i l t r a t i o n  measurements  were  made w i t h  v a r i o u s  h e a t i n g  s y s t e m s ,  i n c l u d i n g  e l e c t r i c  
baseboard, c e n t r a l  e l e c t r i c  f u r n a c e ,  h e a t  pumps, and c e n t r a l  g a s  f u r n a c e .  



The a n a l y s i s  of t h e  i n f i l t r a t i o n  was d i v i d e d  i n t o  two c a t e g o r i e s ,  The f i r s t  c a t e g o r y  c o n s i s t s  
o f  l i n e a r  models  which  a r e  s i m i l a r  i n  f o r m a t  t o  t h o s e  p r e s e n t e d  by p r e v i o u s  i n v e s t i g a t o r s .  Due 
t o  t h e  enormous q u a n t i t y  of d a t a  c o l l e c t e d ,  i t  was f e l t  t h a t  t h e  l i n e a r  models  c o u l d  b e  a n a l y z e d  
s t a t i s t i c a l l y  and u l t i m a t e l y  b e  g e n e r a l i z e d  i n t o  a  u n i f i e d  model a p p l i c a b l e  f o r  any  r e s i d e n c e .  
The s u b s e q u e n t  f a i l u r e  of  t h i s  a p p r o a c h  t h e n  l e d  t o  t h e  development  of  t h e  second  c a t e g o r y .  
( h  d e t a i l e d  d e s c r i p t i o n  of t h e  l i n e a r  model ing  e f f o r t s  a r e  p r o v i d e d  i n  t h e  f u l l  d o c u m e n t a t i o n  
r e p o r t  t o  t h e  s p o n s o r  - S e c t i o n s  9 . 5 . 1  and 9 . 5 . 2 ) .  

The second  method of a n a l y s i s  was b a s e d  on t h e  development  of  a  model formed f rom t h e  p h y s i c a l  
v n r i a h l c s  and t h e o r y  a s s o c i a t e d  w i t h  a i r  i n f i l t r a t i o n .  The v a r i a b l e s  c o n s i d e r e d  were  c r a c k  
l e n g t h s ,  c r a c k  w i d t h s ,  p r e s s u r e  d i f f e r e n c e s  due t o  wind and t e m p e r a t u r e  e f f e c t s ,  l o c a t i o n  of 
n e u t r a l  zone  and t h c  i n t c r a c t l o n  o i  p r e s s u r e  d i f f e r e n c e s  due Lo wind and t e m p e r a t u r e  e f f e c t s .  
/ \ g a i n ,  s t a t i s t i c a l  a n a l y s i s  was employed t o  d e v e l o p  a  g e n e r a l i z e d  model which h a s  t h e  
c a p < ~ b i l i t y  t o  be  a p p l i c a b l e  f o r  any  r e s i d e n c e .  

The p r i m a r y  m o t i v a t i o n s  f o r  s h i f t i n g  t h e  emphas i s  f rom t h e  l i n e a r  models  t o  p h y s i c a l  models  
wcre t o  r e d r ~ c c  t h e  q u a n t i t y  of s t a t i s t i c a l  r e g r e s s i o n  c o e f f i c i e n t s  r e q u i r e d  and t o  be  a b l e  t o  
g e n e r a l i z e  t o  o t h e r  h o u s e s .  T h r e e  c o e f f i c i e n t s  were  r e q u i r e d  i n  t h e  l i n e a r  m o d e l s .  T h e s c  a r e  
a l w a y s  d e p e n d e n t  on t h e  p a r t i c u l a r  h o u s e  which c o m p l i c a t e s  t h e  a p p l i c a t i o n  of t h a t  a p p r o a c h  t o  
a  new r e s i d e n c e .  I t  was a n t i c i p a t e d  t h a t  t h e  p h y s i c a l  models  would ,  a t  b e s t ,  be  c o m p l e t e l y  
c l e t e r m i n i s t i c  f rom t h e o r y  a l o n e  o r  r e q u i r e ,  a t  m o s t ,  a s i n g l e  s t a t i s t i c a l  r e g r e s s i n n  c o e f f i c i e n t  
which would b e  somewhat c o n s t a n t  f o r  a l l  r e s i d e n c e s  o r  a t  l e a s t  f o r  a  p a r t i c ~ ~ l a r  r e s i d e n c e  
s t y l e .  

The dcvclnpnient  of t h e  p h y s i c a l  models  p roceeded  i n  a  p r o g r e s s i v e  p a t h  b e g i n n i n g  w i t h  t h e  
wcnther  v a r i a b l e s  and a d d i n g  t h e  s u b s e q u e n t  t e r m s  i n  a  s t e p w i s e  p r o c e d u r e  u n t i l  a  f i n a l  model 
wc3s  d e v e l o p e d .  Thc f i n a l  model was d e t e r m i n e d  t o  b e  c o m p l e t e  when t h e  i n f l u e n c e  of a l l  of t h c  
v a r i a b l e s  had been  e v a l u a t e d  and i n c o r p o r a t e d  i n t o  t h e  model a c c o r d i n g  t o  t h e i r  e x p l a n a t o r y  
i m p o r t a n c e  i n  p r e d i c t i n g  t h e  measured a i r  i n f i l t r a t i o n  ~ a l u e s .  

The f i r s t  v a r i a b l e  c o n s i d e r e d  i n  t h e  p h y s i c a l  model was t h e  i n f l u e n c e  of t e m p e r a t u r e  
d i f f c r e r l c e s .  The t e m p e r a t u r e  d i f f e r e n c e  i s  n o t  a  d i r e c t  i n f l u e n c e  on a i r  i n f i l t r a t i o n ,  b u t  
c a u s e s  a  p r e s s u r e  d i f f e r e n c e  due t o  a i r  d e n s i t y .  The p r e s s u r e  d i f f e r e n c e  i s  g i v e n  by t h e  
f o l l o w i n g  e q u a t  i o n  which i s  p r e s e n t e d  i n  t h e  ASI-IRAE Handbook and P r o d u c t  D i r e c t o r y  (18)  : 

Where: 

A i l T  = ' l ' l ~ e u r e t i c a l  p r e s s u r e  d i f i e r e n c e  a c r o s s  e n c l o s u r c  duc  t o  s t a c k  e f f e c t ,  i n ~ h c s  o f  w a l e r  
( P a )  

2 
P - A l ~ s o l ~ r t c  p r c b s s u r e ,  l h / i n  (kPn) 

h  = D i s t a n c e  from n e u t r a l  z o n e ,  o r  e f f e c t i v e  s t a c k  h e i g h t ,  f t .  (m) .  For  p u r p o s e s  of t h i s  
p r o j e c t ,  t h e  f o l l o w i n g  d e f i n i t i o n s  of  h  were  u t i l i z e d :  Two S t o r y ,  h  = 8 f t .  ( 2 . 4  m);  
S p l i t  L e v e l ,  h  = 6 f t .  ( 1 . 8  m) ;  and f o r  a  Ranch,  h  = 4 f t .  ( 1 . 2  m )  

To = A b s o l u t e  t e m p e r a t u r e  o u t s i d e ,  O R  (K) 

T .  = A b s o l u t e  t e m p e r a t u r e  i n s i d e ,  O R  (K) 

The s e c o n d  v a r i a b l e  i s  t h e  p r e s s u r e  d i f f e r e n c e  due  t o  wind .  The wind p r e s s u r e  t e r m  was 
c a l c u l a t e d  by u s i n g  t h e  e q u a t i o n  p r e s e n t e d  i n  t h e  ASHRAE Handbook and P r o d u c t  D i r e c t o r y  ( 1 8 ) :  

PW = T h e o r e t i c a l  p r e s s u r e  d i f f e r e n c e  a c r o s s  e n c l o s u r e  due t o  wind e f f e c t ,  i n c h e s  of  w a t e r  
( P a l  



Vel = Wind s p e e d ,  m i l e s  p e r  hour  ( m / s )  

A!ir;octntcd w i t h  Lhc normal  v c l o c i t y  component on each  e x p o s u r e  is a  c h a r a c t e r i s t i c  o p e n i n g  
o r  c r a c k a g e  r e l a t e d  t o  t h e  windows, d o o r s ,  w a l l  a r e a s ,  and s i l l s .  The p r o c e d u r e  employed t o  
c a l c u l a t e  t h e  e q u i v a l e n t  c r a c k  l e n g t h s  was a d o p t e d  from t h e  c r a c k  method p r e s e n t e d  i n  t h e  
ASI-IRAE Handbook and P r o d u c t  D i r e c t o r y  ( 1 8 ) .  The l e n g t h  of  e a c h  c r a c k  was m u l t i p l i e d  by t h e  
a p p r o p r i a t e  a i r  i n f i l t r a t i o n  f a c t o r  and t h e  sum was d i v i d e d  by t h e  f a c t o r  f o r  non-weather  
s t r i p p e d ,  a v e r a g e  f i t ,  d o u b l e  hung ,  wood windows. T h u s ,  t h e  e q u i v a l e n t  c r a c k  l e n g t h s  c a n  b e  
cornpared d i r e c t l y  t o  determine t h e  r e l a t i v e  d i f f e r c n c c s  be tween  e x p o s u r e s .  

Seven d i f f e r e n t  p h y s i c a l  models  i n c o r p o r a t i n g  p r e s s u r e  d i f f e r e n c e s ,  wind d i r e c t i o n ,  and 
e x p o s u r e  r e l a t i v e  e q u i v a l e n t  c r a c k  l e n g t h s  were  u s e d .  Each of t h e s e  t o o k  t h e  fo rm:  

Where: 

d o  = S t a t i s t i c a l  r e g r e s s i o n  c o n s t a n t  

L ~ , ~ , ~ , ~  = E q u i v a l e n t  c r a c k  l e n g t h s  on t h e  F r o n t ,  Back,  L e f t ,  and R i g h t  s u r f a c e s  of t h e  
s t r u c t u r e  

APi  
= T h e o r e t i c a l  p r e s s u r e  d i f f e r e n c e  a c r o s s  F r o n t ,  Back,  L e f t  and R i g h t  s u r f a c e s  of 

t h e  s t r u c t u r e  

i = I n d e x  f o r  s u r f a c e ,  F r o n t ,  Back,  L e f t ,  R i g h t  

The wind d i r e c t i o n  c o n c e p t  was d e v e l o p e d  i n t o  t h e  above  e q u a t i o n  by d e f i n i n g  t h e  v e l o c i t y  
t e r m  t o  be  t h e  normal  component t o  a  p a r t i c u l a r  s u r f a c e .  T h u s ,  t h e  a v e r a g e  wind d i r e c t i o n  
c a n  o n l y  b e  normal  t o  a  maximum of two a d j a c e n t  s u r f a c e s  d u r i n g  t h e  h o u r .  

I n  c'lch of Llrcsc n iodc ls ,  a c o n s i s t e n c y  was s o u g h t  i n , &  among s e v e r a l  h o u e e s  and s c v c r a l  
t i m e  p e r i o d s  f o r  t h e  same h o u s e ,  b u t  n o t  f o u n d ,  t h u s  b e c o g i n g  t h e  i m p e t u s  f o r  t h e  s u c c e e d i n g  
model .  

The i a i l u r e  of  t h e s e  m o d e l s ,  which  i n c l u d e d  wind d i r e c t i o n a l  e f f e c t s ,  was t h e  m o t i v a t i o n  t o  
d r o p  t h e  d i r e c t i o n a l  c o n c e p t .  The r e s u l t s  i n d i c a t e d  t h a t  t h e  a i r  i n f i l t r a t i o n  c o u l d  n o t  b e  
a n a l y z e d  by c o n s i d e r i n g  wind d i r e c t i o n a l  components  a s  o r i g i n a l l y  t h o u g h t ,  b u t  t h a t  a i r  
i n f i l t r a t i o n  o c c u r s  i n  a  more g e n e r a l  p a t t e r n  which can  b e  c h a r a c t e r i z e d  i n  s i m p l e r  m o d e l s .  The 
s i m p l e s t  and most s u c c e s s f u l  p h y s i c a l  model was: 

INF'P12 = Irif i l t r a t  i o n  

C~ 
= T o t a l  e q u i v a l e n t  c r a c k  l e n g t h  

A , i 3  = R e l a t i v e  w e i g h t s  

For  wlnd f o r c e s ,  t h e  r a n g e  of A f o r  i n f l o w  p r e s s u r e  i s  f rom l tea, i . e . ,  a t  a  minimum 
b t ~ ~ a d c , l c l c  L O  one s i d e ,  and i s  a  maxinium f o r t y - f i v e  d e g r e e s  t o  two s i d e s .  The t h e r m a l  p r e s 5 u r e  
a c t s  upon f o u r  s i d e s ,  b u t  t h e  u s e  of 112  t o t a l  h e i g h t  (Eq .  2 )  t o  c a l c u l a t e  t h a t  t e r m  r e f l e c L s  
t h e  p r e s s u r e  d i f f e r e n c e  a t  t h e  bo t tom of  t h e  c o n d i t i o n a l  s p a c e .  The a v e r a g e  p r e s s u r e  i s  one- 
h a l f  th ' l t  v a l u e .  The c h o i c e  of a  p r e s s u r e  u s e d ,  of c o u r s e ,  depends  on t h e  l o c a t i o n  on t h e  i n  
a ~ i d  c s f i l t r a t i o n .  S e v e r a l  t r i a l  a n a l y s e s  l e d  t o  r e l a t i n g  t h e  wind and t h e r m a l  e f f e c t s  i n  
p r o p o r t i o n  of t h e i r  maxim~~m v a l u e s ,  l e t t i n g  A e q u a l  4 ,  and B e q u a 1 6 ,  

A d d i t i o n s  of  t e r m s  t o  a c c o u n t  f o r  d o o r  o p e n i n g s ,  e x h a u s t  f a n  o p e r a t i o n  a  d r i f t  i n  measured 
d a t a  improved t h e  c o r r e l a t i o n  w i t h  measured  d a t a  b u t  i n c r e a s e d  t h e  c o m p l e x i t y  of  t h e  model 
i n o r d i i i a t e l y  and r e d u c e d  g e n e r a l i t y .  



ANALYSIS OF DATA 

The u s a b l e  d a t a  set  c o n s i s t e d  o f  o v e r  s e v e n  t h o u s a n d  o b s e r v a t i o n s  o f  t r a c e r  g a s  c o n c e n t r a t i o n s  a t  
s i x  d i f f e r e n t  h o u s e s  a n d  t h r e e  a p a r t m e n t s .  T h e  r a n g e  o f  m e a s u r e d  d a t a  i s  shown i n  F i g u r e  3 .  
The d a t a  s e t  was  r e d u c e d  b y  i n t e g r a t i n g  t h e  f i f t e e n  m i n u t e  m e a s u r e m e n t s  i n t o  a l m o s t  two t h o u s a n d  
h o u r l y  o b s e r v a t i o n s .  T h e  mode l  o f  E q u a t i o n  5  was u s e d  w i t h  r e s u l t s  p r e s e n t e d  i n  T a b l e  2 .  The  
v a r i a t i o n  i n d  c o u l d  b e  c o n s t r u e d  as a m e a s u r e  o f  q u a l i t y  o f  workmansh ip  a s  w e l l  a s  b e i n g  d u e  
t o  u n a c c o u n t e d O f o r  p a r a m e t e r s .  No r e a s o n s  c o u l d  b e  d e t e r m i n e d  f o r  t h e  e x c e p t i o n a l l y  h i g h  v a l u e  
f o r  s i t e  HTSG. S i t e  PAEG i s  a n  e n d  u n i t  a p a r t m e n t  h a v i n g  t h r e e  e x p o s e d  s u r f a c e s  v s .  t h e  two f o r  
s i t e s  KAYG a n d  OAMG. S i n c e  t h e  p r o c e d u r e  w e i g h t s  o n l y  c r a c k  l e n g t h ,  t h i s  c o u l d  i n d i c a t e  
s i g n i f i c a n t  i n f i l t r a t i o n  t h r o u g h  o t h e r  p a t h s .  A  more g r a p h i c  i l l u s t r a t i o n  o f  t h e  s u c c e s s  o f  t h i s  
model i s  g i v e n  i n  F i g u r e s  4  t h r o u g h  7 w h i c h  i i l u s t r a t e  m e a s u r e d  v s .  c a l c u l a t e d  r e s u l t s .  

PRESENCE OF CHIMNEY 

S e v e r a l  i n v e s t i g a t o r s ,  n o t a b l y  t h e  I n s t i t u t e  o f  Gas T e c h n o l o g y ,  h a v e  a t t e m p t e d  t o  q u a n t i f y  t h e  
i n c r e a s e  I n  i n f i l L r a t i o n  d u e  t o  p r e s e n c e  o f  n f o s s l l  f u e l  l ~ c n t i n g  s y s t e m  w i t h  i t s  a t t e n d a n t  
ch imney .  I n  R e f e r e n c e  1 9 ,  t h e y  e s t i m a t e  t h i s  e f f e c t  as a d d i n g  30 t o  45  cfm ( 1 4  t o  2 1  l / s )  t o  
i n f i l t r a t i o n .  I n  R e f e r e n c e  8 ,  E l k i n s  r e p o r t s  on t e s t s  o f  i d e n t i c a l  homes i n d i c a t i n g  t h i s  e f f e c t  
a d d s  a n  a v e r a g e  74% t o  i n f i l t r a t i o n .  I n  t h i s  p r o j e c t ,  n o  d i f f e r e n c e  was  e x p e c t e d  s i n c e  t h e  
h e a t i n g  e q u i p m e n t  ( a n d  ch imney  o p e n i n g )  was i n  t h e  b a s e m e n t ,  w i t h o u t  a i r  f l o w  c o n n e c t i o n  t o  t h e  
d u c t  s y s t e m .  A n a l y s i s  o f  t h e  two s i t e s  w i t h  c h a n g e d  h e a t i n g  s y s t e m s  r e v e a l e d ,  h o w e v e r ,  t h a t  
a d d i t i o n a l  e x f i l t r a t i o n  t o  t h e  b a s e m e n t  f r o m  t h e  l i v i n g  a r e a  was c a u s e d  by t h e  p r e s e n c e  o f  t h e  
c h i m n e y .  R e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  3 .  An a v e r a g e  12-1 /2% i n c r e a s e  was i d e n t i f i e d .  

CONCLUSIONS AND RECOMMENDATIONS 

For  t h e  p u r p o s e s  o f  e s t i m a t i n g  h o u r l y  a i r  i n f i l t r a t i o n  i n  r e s i d e n c e s  f o r  e n e r g y  c a l c u l a t i o n ,  t h e  
a l g o r i t h m  i n  F i g u r e  8 i s  s u g g e s t e d .  T h e  v a l u e s  o f  CSTAT w e r e  c a l c u l a t e d  a s  t h e  means o f  4 f o r  
h o u s e s  ( a p a r t m e n t s  e x c l u d e d ) ,  w i t h  ch imney  e f f e c t s  a s  i d e n t i f i e d  a b o v e .  

The  d a t a  a c q u i s i t i o n  p r o c e d u r e  c o u l d  b e  improved  by d e v e l o p i n g  a  p r o c e d u r e  t o  r e p l a c e  t h e  
s t r i p  c h a r t  r e c o r d e r  t o  e x p e d i t e  t h e  d a t a  r e d u c t i o n  p r o c e d u r e .  A more  s i g n i f i c a n t  improvement  
would b e  t o  i n c o r p o r a t e  t h e  c a p a b i l i t y  o f  i n c r e a s i n g  t h e  s a m p l i n g  r a t e  o f  t h e  d e v i c e .  T h i s  
would a l l o w  f o r  a  more d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  s h o r t  d u r a t i o n  e f f e c t s ,  s u c h  as d o o r  
o p e n i n g s  a n d  e x h a u s t  f a n  o p e r a t i o n .  

From a n  a n a l y s i s  v i e w p o i n t ,  i m p r o v e m e n t s  c o u l d  b e  r e a l i z e d  i f  t h e  a i r  i n f i l t r a t i o n  m e a s u r e -  
m c n t s  wcre s u p p l e m e n t e d  w i t h  s i m u l t a n e o u s  m e a s u r e m e n t s  o f  e x t e r i o r  a n d  i n t e r i o r  p r e s s u r e  
d i f f e r e n c e s  a n d  d i s t r i b u t i o n s ,  b o u n d a r y  l a y e r  wind  e f f e c t s ,  a n d  i n t e r i o r  a i r  f l o w  p a t h s .  T h e s e  
m e a s u r e m e n t s  s h o u l d  b e  on a  t i m e  b a s i s  s i g n i f i c a n t l y  s h o r t e r  t h a n  t h e  h o u r l y  i n t e r v a l s  u t i l i z e d  
o n  t h i s  p r o j e c t  t o  d e t e r m i n e  w h e t h e r  t h e  f l o w  i s  s t e a d y - s t a t e  o r  i s  c h a r a c t e r i z e d  b y  p u l s a t i o n s  
and  e d d y  f l o w .  

The  e x i s t i n g  d a t a  s e t  i s  f a r  f r o m  f u l l y  e x p l o i t e d .  T h e  d a t a  a r e  a v a i l a b l e  o n  m a g n e t i c  t a p e  
f rom EPKT t o  a n y  r e s e a r c h e r  who d e s i r e s  t o  p u r s u e  t h e  s u b j e c t .  

I ~ ~ l p l c l ~ l c n L a t i o n  o l  t l r e s c  r e c o m m c n d n t i o n s  would p r o v i d c  t h e  r c s e n r c h e r  w l t h  t h e  s u p p o r t i n g  d a t a  
t o  a n a l y z e  t h e  a s s u m p t i o n s  made on t h i s  p r o j e c t  a n d  c o u l d  s u g g e s t  t h e  i n c l u s i o n  o f  a d d i t i o n a l  
t c r n l s  o r  i ~ ~ t e r a c t i o n s  w l ~ i c h  would i m p r o v e  t h e  m o d e l .  
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TABLE I 

TEST SITE DESCRIPTION 

SITE - 

KTSC 

ETSC 

IiSLG 

CTSE 

KAW G 

OMtG 

PAEG 

HTSG 

SRSG 

N O .  OF HOUSE 
OCCUPANTS STYLE VOLUME(F t 3 )  * ORIENTATION HEATING SYSTEM - 

4  2-S tory  Frame 12818 ~ 1 2 ' ~  3 D i f f e r e n t  Types 

4  2 -S tory  Frame 12818 ~ 2 4 ' ~  3 D i f f e r e n t  Types 

4  S p l i t  L e v e l  12305 ~ 2 5 ' ~  Forced  A i r  Gas Furnace  

0  2 -S tory  Frame 12818 N 7 ' ~  Forced  A i r  E l e c t r i c  

4 Townhouse Apt .  6273 N 5OE Forced  A i r  Gas Furnace  

2  Townhouse A p t .  6273 h' 5OE Forced A i r  Gas F u r n a c e  

2  Townhouse Apt .  6273 N 5 ' ~  Forced A i r  Gas Furnace  

4 2 -S tory  Frame 12818 ~ 3 2 ' ~  Forced  A i r  Gas Furnace  

4 Ranch 144211 ?TLOOI? Forced A i r  Gas Furnace  

)'<Volume of c o n d i t i o n e d  s p a c e s  used f o r  a i r  i n £  i l t r a t i o n  c a l c i ~ l . a t i o n s .  

TABLE 2  

STATISTICAL RESULTS OF PHYSICAL MODEL P12 

2  e r r o r  No. 
S i z e  80 CV % A/C Observ .  - 
KTSC 1 . 2 8  0 .946  25.0 0 . 1 2 5 3  38 9  

ETSC 1 . 2 6  0 . 9 0 5  3 2 . 6  0.1597 265 

CTSE 1 . 2 9  0 .949  25 .8  0.1036 504 

HTSC 2.77 0 .839  43 .6  0 .3610  179 

SRSG 1 . 0 4  0 .728  56.9 0 . 2 3 2 1  226 

PAEG 2 . 6 5  0 .941  2 5 . 3  0.2052 9 0 

TABLE 3  

ADDITIONAL INFILTRATION IN CONDITIONED SPACE DUE TO CONNECTION TO FUWACE AIlEA 

With E l e c t r i c  Sys tems  
W i t h  Gas F u r n a c e  (Chimney b l o c k e d )  

S i t e  ETSC KTSC ETSC KTSC 

No. Hours  9 1  3  7  17  4  352 

Kins  e r r o r  A / C  0 . 1 3  0 . 2 4  0 .17  0 . 1 0  
I n c r e a s e d  

I n f i l t r a t i o n  +12.4% + 1 2 , 7 %  -- -- 
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Fig. 5 S i m u l a t e d  vs m e a s u r e d  a i r  i n f i l t r a t i o n  
a t  s i  t e  C T S E  
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