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In  o r d e r  t o  p r o p e r l y  c a l c u l a t e  t h e  expec ted  h e a t  g a i n s  and/or  h e a t  l o s s e s  i n  
mobile  homess t h e  i n f i l t r a t i o n  r a t e  has  t o  be  known. The ASHRAE EANDBOOK OF 
FUNDWENTALS ( I)  s u g g e s t s  an approximate  method, r e f e r r e d  t o  as  t h e  c r a c k  method 
wnich u n f o r t u n a t e l y  d o e s  n o t  app ly  t o o  w e l l  t o  mobi le  homes. 

Measurements o f  i n f i l t r a t i o n  i n  a  mobile  home a r e  now p r e s e n t e d .  The r a t e  
of decay method, w i t h  carbon monoxide a s  a  t r a c e r ,  was found t o  be dependable  
and economical .  I n  t h e  measurements,  r e l a t i v e l y  h i g h  v a l u e s  o f  i n f i l t e a t i o n  
r a t e s  were n o t e d .  The d i f f e r e n t  zones  (i .e., main l i v i n g  a r e a  and s u b - f l o o ~ i n g )  
and d i f f e r e n t  modes of  c o n d i t i o n i n g  ( i . e . ,  h e a t i n g  o r  a i r  c o n d i t i o n i n g )  were  
i su i a t ec i  a t t a n 2 t i n g  t o  i d e n t i f y  t h e  c a u s e s  for h i g h  r a t e s  o f  i n f i l t r a t i o n .  I n  
a d d i t i o n ,  t h e  e s s e n t i a l l y  l i n e a r  dependence o f  i n f i l t r a t i o n  on t empera tu re  d i f -  
f e r e n c e  was conf i rmed w h i l e  no dependable  t r e n d s  on t h e  e f f e c t s  o f  wind were n o t e d .  

The r e p o r t e d  measurements a r e  l i m i t e d  by a t  l e a s t  two c o n d i t i o n s :  (1) 
small p e d e s t a l - t y p e  f a n s  were used i n  t h e  l i v i n g  a r e a  of  t h e  mobi le  home t o  
s t i m u l a t e  mixing and ( 2 )  t h e  runs were a l l  r e s t r i c t e d  t o  o n l y  one home which 
may o r  may n o t  be r e p r e s e n t a t i v e  of t h e  p r o d u c t .  

METHODS 3F MMSUREMENT 

The t e c b ~ i q u e s  used f o r  t h e  s t u d y  of  i n f i l t r a t i o n  i n  b u i l d i n g s  can  be  summarizes 
t o  be p r i m a r i l y  a s  f o l l o w s  ( 2 )  : 

1. T r a c e r  Techniques 

a .  The t r a n s f e r  i ndex  t e c h n i q u e  
b. E q u i l i b r i u m  c o n c e n t r a t i o n  method 
c .  Rate of  decay  method 

2 .  Model Techniques 

a ,  F u l l  s i z e  r e p l i c a s  
b,  S c a l e  Models 
c .  Analogue models 

T race r  Techniques -- 

I n  t h e  t r a c e r  t e c h n i q u e ,  a  t r a c e r  i s  r e l e a s e d  i n  t h e  room i n  which t h e  
amount of i n f i l t r a t i o n  i s  go ing  t o  b e  de t e rmined .  The t r a c e r  c o n c e n t r a t i o n  i s  
t h e n  measured ove r  a conven ien t  t i m e  i n t e r v a l ,  and from i t s  change t h e  i n f i l -  
t r a t i o n  i s  de t e rmined ,  Gases a r e  u s u a l l y  ueed as a t r a c e r ,  b u t  p a r t i c u l a t e s  
and a e r o s o l s  have a l s o  been used .  
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The T r a n s f e r  Index Method. The t r a n s f e r  i ndex  method does  n o t  depend on 
assumpt ions  abou t  mix ing .  I t  y i e l d s  a  s e t  of  t r a n s f e r  i n d i c e s  between p o i n t s  
showing t h e  amount o f  a i r  movement between them, from which  i t  i s  p o s s i b l e  t o  

t i n f e r  e f f e c t i v e  v e n t i l a t i o n  r a t e s .  The m o u n t  o f  i n f o r m a t i o n  which may be  
produced a b o u t  t h e  d e t a i l e d  movement of  a i r  i s  l a r g e ,  b u t  c o r r e s p o n d i n g l y ,  s o  
i s  t h e  e f f o r t  i n v o l v e d .  

The t r a n s f e r  i n d e x  o r  t h e  index  o f  exposu re  t o  con tamina t ion  i s  t h e  i n t e -  
g r a t e d  c o n c e n t r a t i o n  o f  t r a c e r  found a t  one p o i n t  f o l l o w i n g  t h e  l i b e r a t i o n  of  
u n i t  q u a n i t t y  of t r a c e r  a t  a n o t h e r  ( 3 ) .  

I f  Y = t h e  volume o f  t h e  room; 

= t h e  r a t e  of supp ly  o f  v e n t i l a t i n g  a i r  ( i n f i l t r a t i o n )  

q = , the q u a n t i t y  o f  t r a c e r  l i b e r a t e d  

q' = t h e  r a t e  o f  l i b e r a t i o n  o f  t r a c e r  

c  = t h e  c o n c e n t r a t i o n  o f  t r a c e s  a t  t h e  sampl ing  p o i n t  a t  t ime t 
- 
c  = t h e  mean e q u i l i b r i u m  c o n c e n t r a t i o n  o f  t r a c e r  a t  t h e  

sampl ing  p o i n t  when t r a c e r  i s  c o n t i n u o u s l y  l i b e r a t e d  

T = t h e  t r a n s f e r  i ndex  a s  d e f i n e d  above 

Then t h e  i n f i l t r a t i o n  r a t e  I = G/Y (1) 

and 

I f  mixing i n  t h e  room i s  comple te  a t  a l l  t i m e s  then  

and 

c d t  I- -It dt. = - l l  = - 
MI + 

o r ,  f o r  con t inuous  emis s ion  o f  t h e  t r a c e r  

6; = q P  

and 

The index  found i s  a  f u n c t i o n  of p o s i t i o n  o f  t h e  e m i t t a n c e  p o i n t  and t h e  
sampling p o i n t .  The r e c i p r o c a l  o f  t h e  t r a n s f e r  index has  t h e  dirnenojons of 
i n f i l t r a t i o n  r a t e .  

With e q u i l i b r i u m  c o n d i t i o n s ,  even w i t h o u t  p e r f e c t  mix ing ,  t h e  e q u i l i b r i u m  
c o n c e n t r a t i o n  a t  a  p o i n t  d i v i d e d  by t h e  r a t e  o f  emis s ion  o f  t r a c e r  i s  t h e  same 
aa t h e  t r a n s f e r  i ndex  from t h e  p o i n t  of emis s ion  t o  t h e  p o i n t  o f  measurement.  

During an experi.ernntl t h e  c o n c e n t r a t i o n  i n t e g r a l  can be  measured d i r e c t l y  
by an accumula t ive  d e t e c t o r  from a  sample drawn c o n t i n u o u s l y  a t  a uni form r a t e  



t h roughou t  t h e  t e s t .  When t h c  concen t - r a t i on  d e c l i n e s  s l o w l y ,  a  l ong  sampl ing  
t ime i s  r e q u i r e d  t o  r educe  c u t - o f f  e r r o r s .  

The advan tage  o f  t h e  method i s  t h a t  it does  n o t  r e q u i r e  comple te  mix ing .  
On t h e  o t h e r  hand many measurement p o s i t i o n s  a r e  needed t o  d e t e r m i n e  t h e  i n f i l -  
t r a t i o n  i n  one room, and long t ime  d e t e r m i n a t i o n s  o f  c o n c e n t r a t i o n s  a r e  r e q u i r e d .  

bieasurements o f  i n f i l t r a t i o n  u s i n g  t h e  t r a n s f e r  i ndex  method a r e  i n c l u d e d  
i n  t h e  l i s t e d  r e f e r e n c e s .  

E q u i l i b r i u m  Concentration Mcthod. The e q u i l i b r i u m  c o n c e n t r a t i o n  method 
c o n s i s t s  of  i n j e c t i n g  a t r a c e r  gas c o n t i n u o u s l y  a t  a  uniform r a t e ;  t h e  concen-  
t-1-atiori a t  any p o i n t  i n  1-hc room will , ~ p p r o a c h  a n  e q u i l i b r i u n l  v a l v e  i f  cclndi- 
 ions a r e  s t e a d y .  With p e r f e c t  mix ing ,  t h i s  e q u i l i b r i u m  would be  t h e  same a t  
a l l  p o i n t s .  The i n f i l t r a t i o n  can be c a l c u l a t e d  knowing t h e  r a t e  o f  g a s  i n j e c -  
t i o n  and t h e  e q u i l i b r i u m  c o n c e n t r a t i o n .  I f  mix ing  i s  n o t  p e r f e c t ,  t h e  concen-  
t r a t i o n  i s  p r o p o r t i o n a l  t o  t h e  t r a n s f e r  i ndex  from t h e  p o i n t  o f  emis s ion  t o  t h e  
measur ing  p o i n t s .  

The method i s  good because  a  s i n g l e  measurement i s  s u f f i c i e n t  i f  p e r f e c t  
mix ing  o c c u r s .  However, a  long  t i m e  i s  u s u a l l y  needed b e f o r e  e q u i l i b r i u m  i s  
approached ,  which r e q u i r e s  more t r a c e r  p e r  t e s t  t h a n  o t h e r  methods .  A l so ,  
t h e r e  a r e  d i f f i c u l t i e s  due  t o  n o n s t a t i c  c o n d i t i o n s  o f  wea the r  and room concen-  
t r a t i o n  and problems e n s u r i n g  a  c o n s t a n t  r a t e  o f  g a s  e m i s s i o n .  

Rate  o f  Decay Method. Among t h e  t r a c e r  t e c h n i q u e s ,  t h e  r a t e  o f  decay 
method r e q u i r e s  r e l a t i v e l y  l i t t l e  t i m e  and equipment  and g i v e s  a  s i n g l e  r e s u l t  
which i s  an e s t i m a t e  o f  t h e  r a t e  o f  change  of a i r  i n  t h e  e n c l o s u r e o  assuming 
p e r f e c t  mix ing .  The a i r  change r a t e  of  an e n c l o s u r e  i s  u s u a l l y  d e f i n e d  a s  t h e  
h o u r l y  r a t e  a t  which t h e  a i r  e n t e r s  ( o r  l e a v e s )  t h e  e n c l o s u r e  t o  t h e  volume o f  
t h e  e n c l o s u r e .  

The c o n s e r v a t i o n  o f  s p e c i e s  g  ( t r a c e r )  i n  t h e  room can be  s t a t e d  a s  f o l l o w s :  

V = v e l o c i t y  o f  t h e  m i x t u r e  c r o s s i n g  t h e  b o u n d a r i e s  

V = volume o f  t h e  e n c l o s u r e  

t = t i m e  
- 
A = s u r f a c e  a r e a  o f  t h e  e n c l o s u r e  

where m = mass o f  t r a c e r  g a s  
9  

p = d e n s i t y  o f  t h e  a i r  g a s  m i x t u r e  

q 
= d e n s i t y  o f  t h e  t r a c e r  g a s  

I f  t h e r e  is  n o t  n e t  p r o d u c t i o n  o f  t r a c e r  gas by chemica l  r e a c t i o n ,  Eq 5 becomes 



The second r i g h t - h a n d  t e r m  r e p r e s e n t s  t h e  n e t  f low o f  t r a c e r  g a s  t h rough  
t h e  b o u n d a r i e s .  T h i s  i n c l u d e s  molar  and m o l e c u l a r  f low.  

Assuming t h a t  t h e  g a s  c o n c e n t r a t i o n  i s  uni form i n s i d e  and o u t s i d e  t h e  con- 
t r o l  volume ( w e l l  mixed) and t h a t  t h e  d e n s i t i e s  a r e  c o n s t a n t  and s t e a d y  s t a t e  
c o n d i t i o n s  a p p l y ,  Eq 6 becomes: 

where V volume r a t e  a t  which t h e  m i x t u r e  i s  l e a v i n g  t h e  room 

V' volume r a t e  a t  which t h e  m i x t u r e  is  e n t e r i n g  t h e  room 

p '  m i x t u r e  d e n s i t y  o u t s i d e  t h e  room 

c '  g a s  c o n c e n t r a t i o n  o u t s i d e  t h e  room 

When c '  is z e r o  Eq 7 becomes: 

When c = c , ~  a t  t = o t h e  s o l u t i o n  of  Eq  8 i s  a s  f o l l o w s :  

Eq 9 shows t h a t  t h e  number o f  a i r  changes  o c c u r r i n g  d u r i n g  t ime t i s  e q u a l  
t o  t h e  n a t u r a l  l o g a r i t h m  o f  t h e  r a t i o  o f  t h e  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  t h e  
beg inn ing  and a t  t h e  end of  t h i s  t i m e  i n t e r v a l .  The s i m p l i f i e d  Eq 9 h a s  g i v e n  
good e x p e r i m e n t a l  r e s u l t s  ( 4 ) ,  b u t  i n  o r d e r  t o  u s e  t h e  e q u a t i o n  t h e  assumpt ion  
have t o  be  remembered. Well-mixed a i r  i s  n o t  a lways e a s y  t o  g e t .  T h i s  i s  
sometimes done by f a n s  p l a c e d  w i t h i n  t h e  b u i l d i n g .  U n f o r t u n a t e l y  t h e  f a n s  
used t o  accompl i sh  t h i s  r e q u i r e m e n t  can  a f f e c t  t h e  amount o f  i n f i l t r a t i o n .  Di f -  
f u s i o n  t h r o u g h  t h e  w a l l s  i s  i n  most o f  t h e  c a s e s  c o n s i d e r e d  s m a l l ,  b u t  Howard ( 5 )  
showed d i f f e r e n c e s  i n  t h e  r a t e  o f  decay of  g a s  c o n c e n t r a t i o n  u s i n g  hydrogen and 
and n i t r o u s  o x i d e .  With impermeable w a l l s  t h e  r e s u l t s  were i d e n t i c a l  f o r  t h e  
two g a s e s .  Moreover ,  t h e  f a c t  t h a t  i n f i l t r a t i o n  e x i s t s  w i t h  z e r o  wind v e l o c i t y  
and no  t e m p e r a t u r e  d i f f e r e n c e  (between t h e  i n s i d e  and o u t s i d e  (6) c o u l d  a l s o  be  
p a r t i a l l y  e x p l a i n e d  i f  d i f f u s i o n  was i .mpor tan t .  O the r  p o i n t s  t o  t a k e  i n  con- 
s i d e r a t i o n  a r e  t h e  a b s o r p t i o n  o f  g a s  by t h e  w a l l s ,  t h e  chemica l  r e a c t i o n  of  t h e  
t r a c e r  g a s t  c o n d e n s a t i o n ,  s o l u t i o n ,  f i l t e r i n g ,  e t c .  

The main advan tage  o f  t h e  r a t e  o f  decay  t e c h n i q u e  i s  t h a t  t h e  method and 
t h e  a n a l y s i s  o f  r e s u l t s  a r e  r e l a t i v e l y  s i m p l e  and t h e  p e r i o d  o v e r  which measure- 
ments  have t o  be  t a k e n  is n o t  l o n g  ( i n  t h e  order of  m i n u t e s ) .  

Some o f  t h e  d i f f i c u l t i e s ,  however,  a r e  t h e  p o s s i b i l i t y  o f  Pas se s  of t r a c e r  
by c o n d e n s a t i o n ,  s e t t l i n g  o r  o t h e r  means; t h e  r e c i r c u l a t i o n  v i a  cupboards  and 
a d j o i n i n g  rooms; and t h e  i n c o m p l e t e  mix ing  i n  t h e  absence  of s u f f i c i e n t  t u r b u -  
l e n c e  and/or  t h e r m a l l y  inducod  c u r r e n t s .  



Model Techniques 

Model t e c h n i q u e s  f o r  de t e rmin ing  t h e  v e n t i l a t i o n  of  a  room o r  system of 
rooms a r e  u s e f u l  f o r  t h e  d e t e r m i n a t i o n  of  b a s i c  r e l a t i o n s  between e x t e r i o r -  
i n t e r i o r  c o n d i t i o n s  and c h a r a c t e r i s t i c s  o f  t h e  e n c l o s u r e .  The main problem 
w i t h  s c a l e  models i s  t h a t  some o f  t h e  p h y s i c a l  phenomena can be a f f e c t e d  by 
t h e  change of  s c a l e .  A i r f low and h e a t  t r a n s f e r  can  be a f f e c t e d  by i n e v i t a b l e  
v a r i a t i o n  of  t h e  r e l a t i v e  magni tudes  of buoyancy, i n e r t i a  and v i s c o u s  f o r c e s ,  
h e a t  f low by r a d i a t i o n  convec t ion  and conduc t ion .  

Wind-induced v e n t i l a t i o n  has  been modeled i n  wind t u n n e l s  and v a l u a b l e  i n -  
format ion  has  been o b t a i n e d  (7). No f u l l  s c a l e  comparison from t h e  s c a l e  model 
p r e d i c t i o n s  has  been made. 

Thermally induced  v e n t i l a t i o n  i s  more compl i ca t ed  t o  a c h i e v e  because  d i f -  
f e r e n t  p r o c e s s e s  obey d i f f e r e n t  s c a l i n g  l aws .  According t o  Jakob,  t h e r e  a r e  
twelve  d i m e n s i o n l e s s  r a t i o s  which must be p r e s e r v e d .  

Analogue models f o r  mechanica l  v e n t i l a t i o n  v i a  d u c t s  have been e l e c t r i c a l l y  
s i m u l a t e d .  In t h e  l a s t  y e a r s  computer ized  ana log  models f o r  p r e d i c t i n g  n a t u r a l  
v e n t i l a t i o n  have been developed  ( 7 ,  8 ,  9 ,  10 and 11). 

T e s t  Mobile Home. The mobi le  home used i n  t h i s  s t u d y  i s  a 12  x 62 two- 
bedroom home ( F i g .  1) .  It was o b t a i n e d  d i r e c t l y  from a manufac tu re r  w i t h o u t  
any s p e c i a l  c o n s t r u c t i o n  o r  assembly p r e c a u t i o n s .  The a i r  c o n d i t i o n e r  was a 
conven t iona l  e x t e r n a l  u n i t .  The f l e x i b l e  d u c t  work was i n s t a l l e d  as p e r  i n s t r u -  
c t i o n s  s u p p l i e d  t o  t h e  home owner. The a i r  r e t u r n  was th rough  t h e  s u b - f l o o r i n g  
c a v i t y .  Although s p o t  checks  were made f o r  unusua l  gaps  o r  h o l e s ,  t h e r e  was 
no thorough i n s p e c t i o n  ( n o r  s e a l i n g )  made. 

3 The a i r  volume of  t h e  mobi le  home was o f  approximate ly  5620 f t 3  (159111 ) 
l i v i n g  a r e a  and of  550 f t 3  (15m3) i n  t h e  s u b - f l o o r  c a v i t y .  The windows were 
equipped with s t o r m  windows. 

T e s t  P rocedure .  - The scheme employed f o r  measurement o f  i n f i l t r a t i o n  was 
t h e  r a t e  of  decay method. CO was used  a s  a  t r a c e r  a f t e r  i n j e c t i n g  i t  a t  f l o o r  
l e v e l  on t h e  w e s t  s i d e  of  t h e  mobi le  home, t h rough  t h e  l i v i n g  room window. 
Three s m a l l  f a n s  were used  w i t h i n  t h e  home t o  mix t h e  t r a c e r  ( F i g .  2 ) .  The 
sampler  used was a  MSA P o r t a b l e  Co. i n d i c a t o r ,  Model D measur ing  ppm of  CO w i t h  
an accu racy  o f  i 1% F-S. and a  r e p r o d u c i b i l i t y  o f  .t 5% of  r e a d i n g .  

Samples were e x t r a c t e d  from s i x  h o l e s  on t h e  e a s t  w a l l .  Three  o f  t h e s e  
abou t  10 i n ,  above f l o o r  l e v e l  ( t h rough  e x i s t i n g  e l e c t r i c a l  o u t l e t s )  and t h e  
t h r e e  remain ing  h o l e s  n e a r  c e i l i n g  l e v e l  and above t h e  f i r s t  set  of h o l e s  ( F i g .  
2 ) .  The h o l e s  were s e a l e d  e x c e p t  f o r  t i m e s  d u r i n g  which t h e  sampl ing  t u b e  was 
i n s e r t e d  th rough  them. 

In a l l  r u n s  t h e  o u t s i d e  wea the r  c o n d i t i o n s  and i n s i d e  t e m p e r a t u r e  were re- 
corded .  I n  some i n s t a n c e s  t h e  f u r n a c e  f a n  was on ,  whereas i n  o t h e r s  t h e  a i r -  
c o n d i t i o n e r  blower was o n .  The v a r i o u s  t e s t  r e s u l t s  a r e  documented i n  t h e  
f o l l o w i n g  s e c t i o n .  

T e s t  r e s u l t s .  March 7 ,  1974 (Run A ) .  For  t h i s  p a r t i c u l a r  r u n ,  t h e  tem- 
p e r a t u r e  d i f f e r e n c e  between i n s i d e  and o u t s i d e  was l e s s  t h a n  5F (3C) d u r i n g  t h e  
measurements Ti = 75F ( 2 4 C ) ) ,  and t h e  wind speed  was under  2 mph ( 3  km/hr) .  The 

gas  was i n j e c t e d  th rough  t h e  d u c t  s y s t a n  a t  t h e  o u t l e t  of t h e  A . C ,  u n i t .  Mea-- 
surements  were t aken  between noon and 3 P.M. on March 7 .  A l l  s i x  h o l e s  were 
used f o r  s ampl ing .  P lugs  were p l a c e d  i n  them a f t e r  each  measurement.  A s  i n d i -  
c a t e d ,  t h r e e  f a n s  were used  and r e l o c a t e d  t o  mix t h e  a i r  w i t h i n  t h e  room. Tab le  
1 t a b u l a t e s  the r e s u l t s  a f t e r  an i n i t i a l  i n j e c t i o n  o f  CO. 



TABLE 1 

Time From F i r s t  
I n j e c t i o n  (min) S t a t i o n  

0' ( s h o r t l y  a f t e r )  

3 

6 

10 

1 5  

2 0  

2 5  

27.5 

3  0  

An a d d i t i o n a l  0 . 1 5 0  1bm ( 6 8 g )  of  CO was t h e n  i n j e c t e d ,  w i t h  t h e  valve s u p p l y i n g  
t h e  CO b e i n g  c l o s e d  62.5 min a f t e r  t h e  b e g i n n i n g  of t h e  f i r s t  r u n .  ?'he f o l -  
lowing r e s u l t e d .  

TABLE 2  

Time A f t e r  Second Time A f t e r  Second 
I n j e c t i o n  (min) S t a t i q  PPM I n j e c t i o n  (min) S t a t i o n  PPM 

2  425 

2  4 5 0 

2  4 7 0 

2 465 

1 360 

2 335 

3  3  1 0  

1 290  

2  2 6 Q  

3 2 4 5 

B l m e r  t u r n e d  o f f  

1 2 3 0 

2 2 2 5 

3  2 2 5 

1 205 

2 2  10 
156 

3 220  

1 170 

4 1 8 5  

2 2  0  5 

5  2  10 

3 2 05 

6 205 

1 165 

4 17 0 

Blower t u r n e d  on 
2 175 

5 1 6  0 

3 1 5  0 

6 14 0 

1 13 0 

4 120 



T a b l e  2 ( c o n t . )  

Time A f t e r  Second 
I n j e c t i o n  (min)  S t a t i o n  PPM 

The r e s u l t s  o f  Tab1.e a r e  shown i n  F i g .  3 .  The s l o p e  i m p l i e s  on i n f i l t r a -  
t i o n  r a t e  o f  2 . 4  c h a n g e s  p e r  h o u r  and  shows a s u r p r i s i n g l y  c o n s i s t e n t  t r e n d .  

I t  must be  u n d e r s c o r e d  t h a t  t h e  measurements  were  t a k e n  w h i l e  t h e  b lower  
was o n .  The l e a k s  be tween  t h e  s u b - f l o o r i n g  and t h e  o u t s i d e  a r e  hence i n c l u d e d .  

F i g .  4  p r e s e n t s  d a t a  o f  T a b l e  2 .  The c o n c e n t r a t i o n  h i s t o r y  a s  t h e  b lower  
i s  o n ,  t h e n  t u r n e d  o f f  f o r  30 min and  f i n a l l y  on  a g a i n  i s  now n o t e d .  The d a t a  
when t h e  b lower  i s  o f f  i s  i n d e e d  s c a t t e r e d ;  t h i s  is  d u e  t o  l a c k  o f  mix ing  o f  
t h e  t r a c e r ,  However, t h e  d e c r e a s e  i n  c o n c e n t r a t i o n  d u r i n g  t h e  t i m e  t h e  b l o w e r  
i s  o f f  s h o u l d  c o r r e s p o n d  t o  t h e  i n f i l t r a t i o n  i n  t h e  home, e x c l u d i n g  t h e  l e a k s  
f rom t h e  a i r  c o n d i t i o n e r  and  t h e  r e t u r n  a i r  t h r o u g h  t h e  s u b - f l o o r  c a v i t y  and  
t o  t h e  e x t e r i o r  o f  t h e  m o b i l e  home. The r e t u r n  a i r  c i r c u l a t e s  t h r o u g h  a  sub-  
f l o o r  c a v i t y  below t h e  f l o o r  b o a r d s  and  above  t h e  i n s u l a t i o n .  The i n s u l a t i o n  
i s  s u p p o r t e d  by a  h a r d  b o a r d  s h e e t  m a t e r i a l .  The s p a c e  between t h e  i n s u l a t i o n  
and t h e  f l o o r ,  s u p p o r t e d  by  t h e  f l o o r  j o i s t s ,  i s  o f  a b o u t  5 i n .  (12.7  cm). 
F i g .  4 s u g g e s t s  t h a t  t h e  i n f i l t r a t i o n  when t h e  b l o w e r  i s  on i s  o f  2 . 3  changes  

^ p e r  hour  ( i n  a g r e e m e n t  w i t h  F i g .  3 ) ,  whereas  w i t h  t h e  b l o w e r  o f f  it r e d u c e s  t o  
a b o u t  0 . 6  changes  p e r  h o u r s .  T h i s  l a t t e r  amount a g r e e s  w i t h  w h a t  would b e  ex- 
p e c t e d  f o r  a  home w i t h o u t  o u t s i d e  w i n d .  

T e s t  R e s u l t s :  November 3 0 ,  1974 (Run E3). The r u n  was i n  e s s e n c e  a  r e p e a t  
o f  t h e  March 7  t e s t ,  e x c e p t  t h a t  t h e  o u t s i d e  and i n s i d e  t e m p e r a t u r e s  were  b o t h  
33F ( 0 . 5 C ) ,  and  t h e  wind r a n g e d  f rom 1 0  t o  20 mph (15  t o  3 0  km/hr) from t h e  ESE. 
The r e s u l t s  ( a g a i n  w i t h  t h e  A.C. f a n  o n )  a r e  p r e s e n t e d  i n  F i g .  5 .  They a r e  
e s s e n t i a l l y  i n  a g r e e m e n t  w i t h  t h e  p r e v i o u s  r e s u l t s .  

T e s t  R e s u l t s :  November 30, 1974 (Runs C , D , E ) .  Runs, C, D and  E were  con- 
d u c t e d  l i m i t i n g  t h e  s a m p l i n g  t h r o u g h  o n l y  one s a m p l i n g  h o l e  ( # 2  f o r  C and D and  
t 5  f o r  E ) .  The t e m p e r a t u r e  d i f f e r e n c e  was e s s e n t i a l l y  z e r o  w i t h  a n  o u t s i d e  
t e m p e r a t u r e  be tween  40 and  4 i F  ( 4  and 5 C ) .  F o r  a l l  t h r e e  c a s e s  wind  velo- 
c i t y  was u n d e r  1 mph ( 1 . 6  km/hr) and  e x c e p t  f o r  t h e  l a s t  10 rnin o f  r u n  C ,  t h e  
a i r - c o n d i t i o n e r  b l o w e r  was l e f t  o n .  The r e s u l t s  a r e  p l o t t e d  i n  F i g .  6 ,  7  and  8 .  

The v a l u e  o f  (= I )  when t h e  b l o w e r  was o f f  (Run C )  more o r  l e s s  a g r e e s  w i t h  

t h a t  o b t a i n e d  d u r i n g  Run A. I t  mus t  b e  n o t e d  t h a t  i n  Run A ,  s a m p l e s  were  t a k e n  
a t  a l l  s a m p l i n g  h o l e s ,  w h e r e a s  t h e  d a t a  o f  Run C was l i m i t e d  t o  # 2 .  A s  a  m a t t e r  
o f  f a c t ,  t h e  s l o p e  o f  Run C d o e s  n o t  l i e  t o  f a r  f rom t h e  s p r e a d  i n  Run A ,  ob- 
v i o u s l y  d u e  t o  i n c o m p l e t e  m i x i n g .  

T e s t  R e s u l t s :  December 1 7 ,  1974 (Run F). A l l  s u p p l y  and  r e t u r n  a i r  d u c t s  

c o n n e c t i n g  t h e  s u b - f l o o r i n g  a n d  t h e  l i v i n g  a r e a  were p u r p o s e l y  s e a l e d  o f f .  With 
p a r t  o f  t h e  s u p p l y  d u c t  work removed, t h e  a i r  was f o r c e d  t o  c u r c u l a t e  s o l e l y  w i t h -  
i n  t h e  s u b - f l o o r i n g .  With t h e  a i r - c o n d i t i o n e r  b l o w e r  o n  a l l  t h e  t i m e  and  w i t h  
s a m p l i n g  d o n e  a t  t h e  s u p p l y  d u c t ,  t h e  d a t a  o f  F i g .  9 were o b t a i n e d .  The i n i t i a l  
i n f i l t r a t i o n  r a t e  was o f  1 2 . 3  c h a n g e s  p e r  h o u r .  The u l t i m a t e  d e c r e a s e  Fa a t t r i -  
b u t e d  t o  CO h a v i n g  beaked and  a c c u m u l a t e d  i n  t h s  living area,  

T e s t  R e s u l t s :  December 1 4 ,  1974 (Run G). Rum? G was e s s e n t i a l l y  t h e  same 
a s  Run F  e x c e p t  t h a t  CO was f i r s t  i n t r o d u c e d  ( a t  a h i g h  c o n c e  t r a t i o n )  i n  t h e  e 



l i v i n g  a r e a .  The d a t a ,  p l o t t e d  i l l  F i g .  1 0 ,  shows a d e c r e a s i n g  i n f i l t r a t - i o n  r a t e  
( f o r  t h e  s u b - f l o o r i n g  o n l y ) ,  i n d i c a t i n g  t h a t  a  c o n s i d e r a h f e  p a r t  o f  t h e  CO-rich 
a i r  i n  t h e  l i v i n g  a r e a  r e t u r n s  i n t o  t h e  s u b - f l o o r i n g .  The c o n c l u s i o n s  o f  Runs 
F  and  G are somewhat t e n u o u s ;  t h e y  s i m p l y  i n d i c a t e  t h e  e x i s t e n c e  o f  c o n s i d e r a b l e  
l e a k s  be tween  t h e  s u b - f l o o r i n g  and  t h e  l i v i n g  a r e a  o f  t h e  m o b i l e  home. 

T e s t  R e s u l t s :  A p r i l  1975  (Runs H - 0 ) .  T h i s  s e t  o f  r u n s  was t a k e n  i n  o r d e r  
t o  d e t e r m i n e  t h e  t e m p e r a t u r e  dependence  o f  t h e  i n f i l t r a t i o n  r a t e .  As b e f o r e ,  
t h r e e  m i x i n g  f a n s  were u s e d  t o  mix  t h e  t r a c e r  g a s .  However, i n  o r d e r  t o  siinu- 
l a t e  w i n t e r - t i m e  c o n d i t i o n s ,  t h e  a i r  c o n d i t i o n e r  was b l o c k e d  o f f  a n d  t h e  f u r n a c e  
o p e r a t e d  i n s t e a d .  O b v i o u s l y ,  a t  the t i m e  o f  i n j e c t i o n  o f  CO, t h e  g a s  s u p p l y  t o  
t h e  f u r n a c e  was completely s h u t  o f f .  Dur ing  t h e  s u n s  t h e  o u t s i d e  t e m p e r a t u r e  
r a n g e d  f rom 37 t o  32F ( 2  and  OC) w h i l e  t h e  wind  s p e e d  was a l w a y s  less t h a n  5 mph 
( 8  k m / h r ) .  The r e s u l t s  are t a b u l a t e d  on  T a b l e  3 .  As an  example ,  Run K, i s  
p l o t t e d  on  F i g .  11. 

TABLE 3 

Run AT U A/C Blower  F u r n a c e  Blower  I ( c h / h o u r  1 
Y .-. 

<2mph 

< 2mph 

10--20mph 

c lmph 

< Imph 

< Lmph 

< h p h  

- 2mph 

- lmph 

- 0  

- 0 

- 0 

- 0 

- 0  

- 0  

On 

Off  

On 

On 

Off  

On 

On 

On 

On 

Off 

Of f  

Of f  

Of E 

Off  

Off  

Of f  

Off 

Off  

Off  

Off 

Off  

0 f  f  

Of f  

Off  

O f f *  

O f f " "  

On 

On 

On 

On 

On 

On 

On 

On 

Note:  X F  = (X  - 3 2 ) 1 . 8 ' C  

" S u b f l o o r i n g  o n l y  ( n o  CO i n j e c t e d  i n  l i v i n g  a r e a ) ,  

** S u b f l o o r i n g  o n l y  (and  60 i n j e c t e d  i n  l i v i n g  a rea) .  



CONCLUSIONS 

The i n f i l t r a t i o n  r a t e s  i n  t h e  m o b i l e  home depend  p r i m a r i l y  on w h e t h e r  o r  n o t  
I t h e  b l o w e r s  f o r  a i r  c o n d i t i o n i n g  o r  h e a t i n g  a r c  t u r n e d  on .  

W i t h o u t  e i t h e r  o f  t h e  b l o w e r s  i n  o p e r a t i o n ,  t h e  i n f i l t r a t i o n  r a t e  i s  i n  
t h e  o r d e r  o f  0 . 8  ( f o r  n e g l i g i b l e  wind and  no  t e m p e r a t u r e  d i f f e r e n c e  be tween  t h e  
i n s i d e  and  o u t s i d e  . 

When t h e  f u r n a c e  b l o w e r  is o n ,  t h e  i n f i l t r a t i o n  r a t e  i n c r e a s e s  t o  v a l u e s  
between 1 . 2  a n d  1 . 7  a i r  c h a n g e s  p e r  h o u r .  T h i s  i s  a t t r i b u t e d  t o  l e a k a g e s  i n  
t h e  s u b - f l o o r i n g  a d d i n g  t o  t h e  i n f i l t r a t i o n  i n  t h e  l i v i n g  a r e a .  The n e t  i n f i l -  
t r a t i o n  h a s  a  d e p e n d e n c e  on t h e  t e m p e r a t u r e  d i f f e r e n c e  be tween  t h e  i n d o o r s  and  
o u t d o o r s .  T h i s  d e p e n d e n c e ,  n o t e d  i n  F i g .  121 i n d i c a t e s  t h a t  t h e  i n f i l t r a t i o n  
r a t e ,  ( w i t h  t h e  f u r n a c e  b l o w e r  o n )  v a r i e s  w i t h  t e m p e r a t u r e  d i f f e r e n c e s  by a  
r e l a t i o n s h i p  g i v e n  ( w i t h i n  30% a c c u r a c y )  a s :  

( I  I 1.1 + 0.0198 AT; AT i n  C) 

These  r e s u l t s  a r e  t o  b e  compared w i t h  measurements  by Hunt and  Busch 1 2  

where  t h e y  f o u n d  

( I  - 0 .117  + 0.0194 AT; AT i n  C) 

f o r  a  four -bedroom townhouse.  The now measured  v a l u e s ,  a l t h o u g h  o n e  o r d e r  o f  
magni tude  l a r g e r ,  do i n  e f f e c t  show a s u r p r i s i n g l y  s i m i l a r  v a l u e  f o r  t h e  change  
i n  infiltration r a t e  w i t h  t e m p e r a t u r e  d i f f e r e n c e .  The s i m i l a r i t y  o f  t h e s e  may 
be  p u r e l y  c o i n c i d e n t a l .  T h c  c o e f f i c i e n t  af t h e r m a l  e x p a n s i o n  f o r  a i r  a t  65F 
( l 8 0 C )  i s  of  a b o u t  0 . 0 0 1 8 ' ~ - ~  0 . 0 0 3 4 " ~ - ~ )  and  d o e s  n o t  seem t o  re la te  t o  t h e  
above n o t e d  s l o p e s  o f  O . O I l 0 R - I  ( 0 . 0 1 9 8 ' ~ - ~ )  . 

The n e t  i n f i l t r a t i o n  ra te  i s  h i g h e s t  when t h e  a i r - c o n d i t i o n e r  b l o w e r  i s  
o n .  (Al though  t h e  a i r  c o n d i t i o n e r  i s  n o t  d e s i g n e d  t c  p r o v i d e  make-up a i r  t h e r e  
o b v i o u s l y  a r e  l e a k s  i n  t h e  duc twork  and  j o i n t s . )  E s s e n t i a l l y  t h e  same v a l u e  
( 2 . 3  t o  2 . 7  c h a n g e s  p e r  h o u r )  was n o t e d  f o r  r u n s  i n  which  t h e  wind  v e l o c i t y  

was s u b s t a n t i a l  10 t o  20 mph ( 1 5  t o  30 km/hr) and  t e s t s  when t h e  wind was neg-  
l i g i b l e .  

T h e r e  h a s  t o  b e  some e f f e c t ,  however ,  inasmuch as t h e  wind  v e l o c i t y  w i l l  
a f f e c t  t h e  p r e s s u r e  d r o p  a c r o s s  t h e  c r a c k s  c a u s i n g  t h e  i n f i l t r a t i o n .  As a  
m a t t e r  o f  f a c t r  measurements  o f  Tamura e t  a 1 . ( 1 3 )  r e f e r r e c i  t o  i n  Xef .  1 4 ,  s u g -  
g e s t e d  an i n c r e a s e  o f  I a t  a  r a t e  o f  0 .017 t o  0.020 p e r  mph i n c r e a s e  ( u p  t o  8 
mph). I t  mus t  be  n o t e d ,  however ,  t h a t  i n  t h a t  c a s e  t h e  i n f i l t r a t i o n  r a t e s  were 
i n  t h e  o r d e r  o f  0 .2  t o  0 . 6 ,  much l o w e r  t h a n  t h e  v a l u e s  now n o t e d .  

The i n f i l t r a t i o n  r a t e  f o r  t h e  s u b - f l o o r i n g  a n d  a i r  c o n d i t i o n e r  i s o l a t e d  
from t h e  l i v i n g  a r e a  was measured  a s  1 2 . 3  c h a n g e s / h o u r .  T h i s  was f o r  t h e  p a r t i -  
c u l a r  c a s e  when t h e  l i v i n g  a r e a  had  no  t racer g a s  i n  i t . )  The s u b - f l o o r i n g  h a s  
a volume o f  a p p r  x i m a t e l y  550 f t 3  (15m3),  w h e r e a s  t h e  l i v i n g  a r e a ' s  volume i s  
o f  a b o u t  5620 f t q  (159rn3). An i n f i l t r a t i o n  r a t e  o f  1 2 . 3  f o r  t h e  s u b - f l o o r i n g  
and  0 . 8  f o r  t h e  l i v i n g  area would o n l y  a c c o u n t  f o r  a n e t  i n f i l t r a t i o n  r a t e  s f  
1 . 8 ,  somewhat l o w e r  t h a n  t h e  m e a s u r e d  2 . 3  t o  2 - 7 ,  

It  i s  q u i t e  o b v i o u s  t h a t  f o r  t h i s  p a r t i c u l a r  m o b i l e  home i n f i l t r a t i o n  
r a t e s  much h i g h e r  t h a n  t h o s e  f o r  s t i c k - b u i l t  homes a r e  n o t e d .  F u r t h e r m o r e  
t h e s e  v a l u e s  d o  i n  e f f e c t  depend  on w h e t h e r  o r  n o t  t h e  a i r  is f o r c e d  t o  c i r c u - .  
l a t e  t h r o u g h  t h e  a i r  d u c t s  and  w h e t h e r  o r  n o t  t h e  a i r  i s  f o r c e d  t o  c i r c u l a t e  
t h r o u g h  t h e  a i r  d u c t s  a n d  w h e t h e r  o r  n o t  t h e  a i r  c o n d i t i o n e r  is  i n  o p e r a t i o n .  
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DISCUSSION 

PAUL LJ. CURINGTON (Texas Power & Light Co., Dallas, TX): How few air changes per 
hour should one seek in a mobile home? Will the answer also hold true for con- 
ventional residences? 

PAUL STRICKER (Ontario Hydro, Toronto, Ont.): What is the desirable rate of in- 
filtration required in a mobile home? 

VICTOR GOLDSCHMIDT: Certainly less than 2 changes per hour. 1 don't have the 
final value recommended in the current NFPA SOlB/ANSI A119.1. However, an 
earlier draft calls for infiltration heat losses in the order of 0.7BTU/hr x ft 
of perimeter x AT. In our case this would correspond to something less than 1.2 
air changes per hour. I expect that the corresponding values of infiltration in 
conventional residences would be lower. 

JAMES E. PIPER (Piper Hydro Inc., Anaheim, CAI: Do you plan to do similar work 
on other structures in the future? 

GOLDSCHMIDT: We have no immediate plans to do so. 

T.E. WERKEMA (Dow Chemical Co,, Midland, MI) : What is your observation on the 
efficacy of CO measuring techinques? 

GOLDSCHMIDT: We were extremely pleased with CO as a tracer for infiltration 
measurements. It has three points to its favor: it's practically neutrally 
buoyant in air, the background concentration is negligible, and the sampling 
instrumentation is economical. Its toxicity, however, is a strong disadvantage 
and has now led us to use SF6 as a tracer. 


