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In the average home approximately one 
third of the energy for space heating 
is lost through air infiltration. The 
driving forces for air infiltration 
often become more severe in larger 
buildings. Correlation of air inf il- 
tration with parameters that are 
building-related (cracks, seals, po- 
rosity, etc.), occupant-related (door, 
vent, window openings, etc.) weather- 
related (wind direction, and intensi- 
ty, outside temperature, etc.) and 
terrain-related (nearby structures, 
trees, fences, etc.) has required the 
development of specialized monitoring 
equipment. Using sulphur hexafluo- 
ride as a tracer gas, using automated 
procedures for seeding the gas into 
the building, and measuring the sub- 
.eouent concentration decay, air in- 
filtration has been measured for a 
wide range of circumstances. The de- 
tails of the instrumentation present- 
ed here include: injection procedures, 
sampiing methods, detection of the 
appropriate gas chromatograph concen- 
tration peak, and recording the data 
on magnetic tape for easy retrieval 
for computer calculations. The data 
resulting from such air infiltration 
instrumentation uses are providing 
the basis for improved energy modeling 
in buildings, evaluation of energy 
conserving retrofits, new and old 
building inspection, and a better 
evaluation of other air infiltration 
measurement techniques. 

INTRODUCTION 

In general the energy losses or gains 
of a building can be categorized into 
three groups: conduction through the 

~ - 

walls, ceiling and floors of the build- 
ing envelope, fenestration (the trans- 
mission of heat through the window sys- 
tems), and air infiltration. The the- 
oretical understanding, and prediction 
of the first two catagories is rela- 
tively straightforward in principle, 
though often quite complicated in prac- 
tice. However, at present there is no 
theoretical method for confidently pre- 
dicting the amount of air infiltration 
within a building. The variables, bo* 
physical and behavioral, that effect 
the phenomena of air infiltration ard 
natural ventilation are not only numer- 
'ous, but also dependant on quantities 
that are difficult to measure and pre- 
dict. Air infiltration can be caused by 
door and window openings; the passage 
of air through cracks around windows, 
doors, foundation seals, wall corners, 
wall/ceiling , and wall/floor interfaces; 
by the porosity of the walls, floors, 
and ceiling: by the leakage in the air 
distribution system; by the need of t h  
dwelling for combustion air for the 
heating system, etc. Each of these 
parameters can be influenced by the 
weather, the choice of building mate- 
rials, the quality of the building con- 
struction, and the use of the building. 
By utilizing instrumentation that in- 
volves the direct measurement of air 
exchange rates, it is possible to by- 
pass the estimation, and prediction 
difficulties. This paper deals with an 
automated approach to infiltration mea- 
surement using the tracer gas method. 
Various uses of this equipment are des- 
cribed as well as the principles gov- 
erning the equipment operation. 
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is  t h e  number o f  a i r  exchanges  i n  t h e  
t i m e  p e r i o d  (td,t$). T h e r e f o r e ,  by 
m e a s u r i n g  t h e  on e n t r a t i o n  Ci o f  t h e  
t r a c e r  g a s  a t  t i m e s  t2 ,  and t , i t  i s  
p o s s i b l e  t o  d e t e r m i n e  t h e  t o t a l  number 
o f  a i r  exchanges  i n  t h e  b u i l d i n g  i n  t h e  
t i m e  p e r i o d  (t2 , tl 1 .  I n v e r t i n g  Equa- 
t i o n  ( 3 )  g i v e s  

THE TRACER GAS METHOD OF HEASURING 
AIR INFILTRATION 

One method employed f o r  t h e  d e t e r m i n a -  
t i o n  o f  a i r  i n f i l t r a t i o n  h a s  been t h e  
i n t r o d u c t i o n ,  and mix ing  o f  a s m a l l  
amount o f  a  t r a c e r  g a s  i n t o  t h e  b u i l d -  
i n g  w i t h  s u b s e q u e n t  measurement o f  t h e  
deca~! i n  c o n c e n t r a t i o n  a s  a  f u n c t i o n  
o f  t i m e .  The t h e o r e t i c a l  j u s t i f i c a t i o n  
o f  t h i s  method c a n  be unc?r;utood by 
c o n s i d e r i n g  t h e  e q u a t i o n .  

dCi -.(%-Ci) I o ( t )  dt 
(l) The a v e r a g e  a i r  exchange  r a t e ,  A I ,  i n  

t h e  p e r i o d  ( t 2 , k 1 )  would t h e n  be  d e t e r -  
mined by 

where  CO and Ci a r e  o u t d o o r ,  and indoa r  

c o n c e n t r a t i o n s  o f  t h e  t r a c e r  g a s  a t  (6) 

t i m e  t ,  O ( t )  is  t h e  r a t e  a t  which  a i r  * ( tz t t l )  
e n t e r s  ( o r  l e a v e s )  t h e  b u i l d i n g ;  o ( t )  AIE - 1 - -  

5-5 t2-tl ln [Ci i t l )  /ci i t 2  i l 
i s  t h e  r a t e  p e r  u n i t  volume o f  produc-  
t i o n  ( o r  a b s o r p t i o n )  o f  t h e  t r a c e r  g a s  . - - - 

i n s i d e  t h e  b u i l d i n g .  and V i s  t h e  v01- one usually selects  an  ini- 
ume o f  t h e  b u i l d i n g .  The q u a n t i t y  $/V t i a l  time t o ,  p l o t s  In  [ C i ( t l / C i ( t o )  1 i s  t h e  a i r  exchange  r a t e  o f  t h e  b u i l d -  against time, and determines air 
i n g  u s u a l l y  e x p r e s s e d  i n  a i r  c h a n g e s  i n f i l t r a t i o n  r a t e  from t h e  s l o p e  o f  t h e  
p e r  h o u r .  E q u a t i o n  (1) i s  n o t h i n s  more l i n e .  ~f changes  i n  a i r  i n f i l t r a t i o n  
t h a n  a  g l o b a l  c o n s e r v a t i o n  o f  mass r a t e  a r e  s l o w ,  t h i s  i s  an a c c e p t a b l e  
q u a t i o n  for t h e  g a s  t r a c e r ;  however 6 method.  It s h o u l d  a l s o  b e  n o t e d  t h a t  
it i s  b a s e d  on t h e  i m p o r t a n t  a s s u m p t i m  it is not necessary determine  the 
t h a t  t h e  b u i l d i n g  i s  a  S i n g l e  chamber a b s o l u t e  c o n c e n t r a t i o n  i n  o r d e r  t o  c a l -  i n  wh ich  t h e  t r a c e r  g a s  i s  u n i f o r m  c u l a t e  t h e  a i r  i n f i l t r a t i o n  r a t e  pro-  
t h r o u g h o u t ;  i . e . ,  t h e r e  i s  p e r f e c t  mix- vided the relative 
ing. A d i s c u s s i o n  o f  t h e  e r r o r s '  i n  t h e  c . ( t ) / c i  (to) can be determined accu- 
d e t e r m i n a t i o n  o f  a i r  i n f i l t r a t i o n  u s i n g  =itely (1) (3) 
E q u a t i o n  1 when m i x i n g  is  n o t  u n i f o r m  
c a n  be found i n  Ref .  (La) . A t h e r o r e t i -  CHOlCE OF A TRACER GAS 
c a l  t r e a t m e n t  o f  t h e  a p p l i c a t i o n  o f  t h e  
mul t i - chamber  method o f  d e t e r m i n i n g  a i r  l-he choice  of tracer gas  was made a f t e r  
i n f i l t r a t i o n  r a t e s  h a s  been  g i v e n  by F. cons ide r ing  gas  properties, 
S i n d e n  i n  R e f .  ( 2 ) .  - t h e  n e c e s s a r y  g a s  volumes ,  and t h e  con- 

c e n t r a t i o n s  r e q u i r e d  t o  c o n d u c t  s t u d i e s  
f o r  a  s u i t a b l e  a p p l i c a t i o n  o f  t h i s  w i t h o u t  o c c u p a n t  s a f e t y  p rob lems  o v e r  a 
method i n  t h e  d e t e r m i n a t i o n  o f  a i r  i n -  period of days .  ~ h ~  development of the 
f i l t r a t i o n  r a t e s ,  i t  1 6  U S U ~ ~ ~ Y  neCeS- e x t r e m e l y  sensitive e l e c t r o n  capture 
s a r y  t h a t  t h e  t r a c e r  b e  c h o s e n  s u c h  d e t e c t o r  by Lovelock ( 4 . 5 )  , and t h e  ob- 
t ha t  and ( t l  can be s e r v a t i o n  t h a t  s u l f u r  h e x a f l u o r i d e .  SF 
I n  t h a t  c a s e ,  E q u a t i o n  (1) r e d u c e s  c a n  be measured  t o  c o n c e n t r a t i o n  l e v e l f  

dC 
of t h e  o r d e r  o f  o n e  p a r t  per b i l l i o n  i n  

( t )  a i r  by t h i s  t e c h n i q u e  ( 6 ) ,  answered t h e  =-ci - v ( 2 )  r e q u i r e m e n t s .  Because  SF c a n  b e  mea-. 
s u r e d  i n  m i n u t e  c o n c e n t r a t  i o n s ,  t h i s  

E q u a t i o n  ( 2 ) ,  and f o r  t h a t  m a t t e r  Equa- g a s  h a s  come i n t o  i n c r e a s i n g  u s e  as a 
t i o n  (1) i s  d i r e c t l y  i n t e r g r a b l e  t o  t r a c e r  o f  a i r  movements (7,8,9). In-  
g i v e  d o o r  u s e  f o r  v e n t i l a t i o n  s t u e i e s  i s  a l -  

s o  common Q0.11.12 ) .  B e s i d e s  t h e  h i g h  
Ci ( t2) " C i ( t l )  e -It2= V d t  ( 3 )  s e n s i t i v i t y  w i t h  which  SF g a s  c a n  b e  

m e a s u r e d ,  i t  is s t a b l e ,  ikert , and non- 
f lammable .  It is  n o t  a normal back- 

The q u a n t i t y  i r ( t  t ) ,  d e f i n e d  by g r o u n d  c o n s t i t u e n t  o f  a i r .  The g a s  i s  
2 ,  1 n o n - t o x i c  i n  t h e  c o n c e n t r a t i o n s  used  i n  

t r a c e r  measurements  ( n o r m a l l y  5-30 ppbl 
O ( t 2 , t l )  = 1 S) d t ,  (4 1 and n o t  h i g h l y  t o x i c  even  when p r e s e n t  

tl V a s  a  m a j o r  c o n s t i t u e n t  i n  a i r ,  t h u s  in -  
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a d v e r t e n t  l o s s  o f  a  one  weeks supp ly  
o f  SF6 would pose  no danger  t o  house 
occupan t s  ( f a c t o r  o f  s a f e t y  -1000).  

However, even though g e n e r a l l y  s a t i s -  
f a c t o r y ,  t h e r e  a r e  c e r t a i n  probfems 
which must be  c o n s i d e r e d  u s i n g  SF a s  
a t r a c e r .  The d e t e c t o r  u n i t  may 8e- 
q u i r e  f r e q u e n t  c a l i b r a t i o n s  t o  main- 
t a i n  t h e  d e s i r e d  a c c u r a c y .  Also ,  be- 
c a u s e  o f  t h e  h i g h  s e n s i t i v i t y  o f  t h e  
measurement,  minor  l e a k s  i n  r e g u l a -  
t o r s ,  v a l v e s ,  and c o n n e c t i o n s  which 
would go u n n o t i c e d  i n  o t h e r  g a s  mea- 
surement  sys tems  a r e  c o m p l e t e i y  un- 
a c c e p t a b l e  when SF6 i s  used a s  a n  in -  
door  t r a c e r .  I n  o r d e r  t o  o b t a i n  t h e  
n e c e s s a r y  h i g h  s e n s i t i v i t y ,  a  g a s  
chzomatograph i s  used .  T h i s  means 
t h a t  measurements a r e  i n  t h e  form o f  
chromatograph ic  peaks  which may re -  
q u i r e  more e f f o r t  t o  au tomate ,  and 
d a t a  p r o c e s s  t h a n  a  c o n t i n u o u s  ou tpu t .  
Although SF6 is n o t  normal ly  p r e s e n t  
i n  a i r ,  t h e  d e t e c t o r  r e s p o n d s  t o  
o t h e r  h a l o g e n a t e d  compounds such  a s  
c e r t a i n  r e f r i g e r a n t s ,  and p r o p e l l a n t s  
used i n  a e r o s o l  s p r a y  c a n s .  These 
compounds o c c a s i o n a l l y  a p p e a r  i n  t h e  
indoor  background.  A l s o ,  c e r t a i n  in -  
s e c t i c i d e s ,  and h e r b i c i d e s  a r e  ha lo -  
gena ted  compounds and c a n  b e  D r e -  
s e n t  i n  t h e - o u t s i d e  a i r  a t  c e r t a i n  
times o f  t h e  y e a r .  I n  g e n e r a l ,  it i s  
p o s s i b l e  t o  d e t e c t  t h e  p r e s e n c e  o f  
t h e s e  s u b s t a n c e s  i f  c a r e  i s  t a k e n  i n  
t h e  a n a l y s i s  o f  t h e  d a t a .  

AN AUTOMATED INSTRUMENTATION SYSTEM 

FOR MEASURING A I R  INFILTRATION 

For s e v e r a l  y e a r s  r e s e a r c h e r s  a t  
P r i n c e t o n  U n i v e r s i t y ,  and t h e  Nation- 
a l  Bureau o f  S t a n d a r d s  have been work- 
ing c o l l a b o r a t i v e l y  on t h e  develop-  
ment o f  a  compact p o r t a b l e  a i r  i n f i l -  
t r a t i o n  measnrement sys tem.  Descr ip -  
t i o n s  of  e a r l i e r  v e r s i o n s  o f  t h e  
equipment c a n  be  found i n  Refs .  (lb), 
and ( 3 ) .  The p r e s e n t  au tomated  a i r  
i n f i l t r a t i o n  u n i t  c o n s i s t s  o f  a n  
e l e c t r o n  c a p t u r e  d e t e c t o r ,  an  au to -  
mation u n i t  ( u t i l i z i n g  12  p r i n t e d  
c i r c u i t  b o a r d s )  a n  SF s t o r a g e  and 
i n j e c t i o n  p a n e l ,  a  c a g s e t t e  r e c o r d e r ,  
and c o r r e s p o n d i n g  plumbing and t a n k s .  
The au tomat ion  u n i t  c o n t r o l s  a  series 
of v a l v e s  which a t  p e r i o d i c  i n t e r v a l s  
sample a i r  from one  o f  two l o c a t i o n s .  
The u n i t  d e t e c t s  t h e  f i r s t  peak of  

conds ;  t h e  s t a n d i n g  c u r r e n t ;  and t h e  
peak c u r r e n t .  The p e r i o d i c  i n t e r v a l s  
f o r  sampling a r e  s e l e c t a b l e  a t  e i t h e r  
2, 5 ,  1 0 ,  o r  1 5  minu te  i n t e r v a l s .  The 
sampling from P o r t  B ( r e f e r r e d  t o  a s  
t h e  s t a n d a r d )  can  b e  e i t h e r  1 m i n u t e  
a f t e r  e a c h  sample o f  P o r t  A ( s w i t c h  
p o s i t i o n  ALTERNATE) o r  once  a n  hour .  
The i n j e c t i o n  o f  SF6 i n t o  t h e  d w e l l i n g  
c a n  be s e t  t o  o c c u r  e i t h e r  once  e v e r y  
t h r e e  h o u r s  o r  when t h e  l e v e l  o f  SF 
is  such t h a t  t h e  peak c u r r e n t  i s  a&ve 
a  s e l e c t a b l e  v a l u e .  

The d a t a  a r e  recorded  on t h e  magne t ic  
t a p e  c a s s e t t e  i n  A S C I I ,  even p a r i t y  a t  
1200 BAUD, and can  be p layed  back from 
t h e  same r e c o r d e r  a t  110 t o  2400 BAUD 
i n t o  a  computer o r  p r i n t e d  on  a  t e r m i -  
n a l  w i t h  a  RS232C i n t e r f a c e .  When 
used i n  c o n j u n c t i o n  w i t h  a  t e r m i n a l  i n  
a  t i m e  s h a r i n g  system employing ASCII 
code ,  t h e  c a s s e t t e  a c t s  a s  a  p a p e r  
t a p e  r e a d e r  ( t h e  i n s t r u c t i o n  manual 
f o r  b o t h  computer sys tem,  and c a s s e t t e  
system p r o v i d e s  t h e  n e c e s s a r y  d e t a i l s ) .  
A photograph o f  t h e  automated a i r  i n -  
f i l t r a t i o n  u n i t  i s  shown i n  F i g .  1 , a n d  
a schemat ic  o f  t h e  o v e r a l l  sys tem is  
g i v e n  i n  F i g .  2 .  

t h e  c u r r e n t  a f t e r  t h e  z e r o  c r o s s i n g  
of t h e  oxygen peak on  t h e  chromato- 

i 

graph and r e c o r d s  on t h e  c a s s e t t e :  P i g .  1 AUTOHATED A I R  INFILTRATION UNIT 
t h e  t ime  i n  h o u r s ,  m i n u t e s ,  and sec- 



W E ,  GROT 

FIG. 2 SUIEMATY, OF WTWMT!Ui W 

EFF'Em C F  AIR mnmxrn M 

?XELLIX a 3 w W O N  TABLE 1 Tovnhouse Energy Data for 2 6  Evenings 

As s t a t e d  i n  t h e  i n t r o d u c t i o n ,  a i r  Ln- 
f i l t r a t i o n  i s  o n e  o f  t h e  ma jo r  compo- . 
n e n t s  of b u i l d i n g  e n e r g y  l o s s e s .  The 
a u t o m a t e d  a i r  i n f i l t r a t i o n  e q u i p m e n t ,  
t o g e t h e r  with f u e l  consumpt ion  measure- 
men t s  and  w e a t h e r  d a t a ,  a l l o w s  one  t o  
q u a n t i f y  t h e  l o s s  breakdown (1) ( 3 )  .AS 
a n  i l l u s t r a t i o n  o f  t h i s  p r o c e d u r e  con- 
s i d e r  t h e  set of d a t a  p r e s e n t e d  i n  
T a b l e  1 f o r  a  townhouse .  The d a t a  i n  
column 1 a r e  t h e  J u l i a n  d a t e  f o r  t h e  
y e a r  1975 .  The d a t a  i n  columns 2,3 ,  
and 4 a r e  t h e  a v e r a g e  r a t e  of g a s  c o w  
sumpt ion  (cu. ft/hr. ) , t h e  a v e r a g e  tem- 
p e r a t u r e  d i f f e r e n c e  ( d e g r e e  F ) ,  and 
t h e  a v e r a g e  a i r  i n f i l t r a t i o n  ra te  f o r  
t h e  t i m e  p e r i o d  9 P.M. t o  m i d n i g h t  f a  
e a c h  d a y .  I f  o n e  a t t e m p t s  t o  e x p l a i n  
t h e  o b s e r v e d  g a s  consumpt ion  b y  a  mod- 
e l  of t h e  form 

G =K1 + K2 AT + K., AI-AT (7 ) 

t h e n  by u s i n g  s t a n d a r d  r e g r e s s i o n  anal- 
sis t e c h n i q u e s ,  9 6 %  o f  t h e  v a r i a t i o n *  
i n  t h e  g a s  consumpt ion  c a n  be exp la in -  

* The i n c l u s i o n  o f  o n l y  t h e  t empera -  
t u r e  d i f f e r e n c e  AT c a n  e x p l a i n  o n l y  
77% o f  t h e  v a r i a t i o n .  
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ed with the constants K1, K2, K3 given 
by 

with a standard error of 3.1 cu. ft.of 
gas per hour. If one considers the 
last two terms of Equation (7) as the 
heat losses to the dwelling, then for 
the period of time of the collected . 
data, 32% of the dwelling heat loss 
was due to air infiltration. The first 
tern can be interpreted as the inter- 
nal heat gain to the dwelling. The 
size of this term can probably be at- 
tributed to the time of day the data 
was collected. The standard error of 
3.1 cu.ft. of gas per hour can be at- 
tributed to the transient operation of 
the heating system. Normally one cy- 
cle of furnace operation consumes about 
10 cu. ft. of gas, thus a difference of 
one cycle of furnace operation in the 
period of 3 hours from 9 P.M. to mid- 
night can account for the standard er- 
ror. 

The last column in Table 1 is the dif- 
ference between the actual measured 
value of the gas consumption, and the 
value predicted by Equation (7) (re- 
ferred to as the residual). 

FIELD USES 

The automated air infiltration can be 
used in a number of ways to obtain the 
necessary field data. These applica- 
tions include: detailed monitoring, 
event-triggered sampling, bag sampling 
and crpss checking alternative techni- 
ques. 

In the case of detailed monitoring in 
buildings using warm air heating/cool- 
ing, the air infiltration unit is 
placed near a central air return re- 
gister, or the sampling probe is in- 
serted into the return ducting at the 
furnace. Such placement uses constan* 
ly circulating duct air as a means of 
mixing the tracer gas throughout the 
building. This method of mixing has 
been found to be quite suitable in 
maintaining uniform tracer gas concen- 
tration, and thus providing data on 
the overall building performance (1) 
3 .  Sampling is performed using one 
or two ports (e.g. living space and 

basement) and a choice of sampling in- 
terval. Concurrent weather, and fuel 
consumption data must be obtained for 
the detailed weather-energy-air infil- 
tration correlations. 

One also has the choice of event-trig- 
gered sampling using the same air in- 
filtration equipment. This method may 
be preferred if prolonged operation of 
the furnace blower tends to increase 
air infiltration through living space 
pressurization or duct air losses in 
duct locations outside the living 
space. Timing for air infiltration 
sampling would rely on the natural 
furnace blower cycle, and occur at 
blower cut off so as to optimize pri- 
or mixing. Naturally, this technique 
restricts the number of individual 
concentration measurements obtained, 
but under normal heating system cycle- 
ing this method will provide one or 
more data points per hour. Tracer 
gas injection under such operation 
must also be timed with the furnace 
cycle in mind, in that case initiated 
by the "fan on" condition, to promote 
mixing after injection. 

Sampling a large number of buildings 
(or individual rooms in one building), 
even though the portability of the 
air infiltration equipment has been 
emphasized in the design*, can be 
more easily achieved through the bag 
sampling method. In this approach to 
air' infiltration measurement, the 
building is se&ed with tracer gas 
(SF for this equipment, at initial 
congentrations of about 30 parts per 
billion). Using d-wt blower for mix- 
ing, the tracer gas is introduced in- 
to the building over several minutes 
to avoid local high concentrations, 
and thus speed the process of achiev- 
ing concentration uniformity. Lack- 
ing a blower system, one depends upon 
portable fans to aid mixing. After 
approximately 20 minutes one is ready 
to take the first sample.** In the 
central duct system the sample is 
taken from the return duct. In the 

There are battery powered SF6 detec- 
tors now available if one desires to 
take meter-read concentration data on 
site. 

** Data from Ref. (3) indicates that 
the  SF6 concentration has become sta- 
ble by that time. 
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non ducted building the sample bag may 
be filled by sampling each of the rooms 
in the building to obtain an average 
concentration. An hour or t w  later 
(so that sufficient time has elapsed 
for a noticeable concentration decay) a 
second bag sample is taken. Now the 
bags may be routinely analyzed with the 
SF detection equipment operating under 
la,boratory conditionsrm s6 P-- us- 
ing Equation ( 6 ) ,  air exchanges per 
hour are calculated. Employed in this 
manner the automated unit with digital 
display can rapidly analyze a number of 
sample bags. One minute per sample, on 
the unit, plus the time to attach the 
bag, results in approximately 5 minutes 
total per sample even if a triple check 
of the concentration level of the bag 
contents is desired. As with any of 
the other infiltration measurement teck 
niques a knowledge of the prevailing 
weather over the time of sampling is 
necessary to place the air infiltration 
level in proper perspective. 

FIG. 3 b a N D 3 B L L W E R r n  

Another application of the automated 
air infiltration unit is to use it in 
conjunction with another method of air 
infiltration measurement as a cross 
check. One example is using the unit 
to establish the rate of air removal 
from a building that is being evacuat- 
ed through use of a powerful window or 
door blower as shown in Pig. 3 (U) ( 1 4 ) .  
Here the total test time rarely exceeds 
one half hour. Such a test series is 
shown in Table 2 where the air exchange 
rate per hour is shown to average 6.1- 

This compares to a blower flow rate 
measured with a 16 pitot tube air f)ow 
calibration system, which taking into 
account house volume, resulted in 6 
air exchanges per hour. Such tests 
serve the purpose of double checkinc; 
air flow calibrations for both methob. 
The blower technique is a rapid methd 
to establish origins of air infiltra- \ 
tion. The :racer gas approach rates 
the dwelling as to actual infiltratim 
rate under weather, building, and user 
events. The methods serve to compli- 
ment each other in the quest for cata- 
loging, and understanding the air in- 
filtration component of energy con- 
sumption. 

Data Calculate2 
'ite ~li, Io I ':I011 in1 
I 04 

-. 

6.10 air exchange base3 on unit calibration 
a d  11:06 to 11:34 t m  interval 

DATA INTERPRETATION 

The digital data on the magnetic cas- 
sette contains all the necessary in- 
formation as to time, date, sampling 
location and whether or not injection 
of new SFE is taking place. of ten  t h e  
dcta are plotted as air exchange rate 
versus time as shown in Fig.4 . Even 
without calibration refinements these 
data clearly represent the air infil- 
tration history of the townhouse under 
study, where the variations indicate 
when SF was injected. The test home 
was pre$iously retrofitted, and inf il- 
tration rates are relatively low. 
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fig, 4 TYPIC&. RNrTWT OF A I  KRSJS TWE 

Air infiltration data may also be used 
to answer detailed questions that long 
have plagued energy estimates. Fig. 5 
shows box plots of air infiltration 
rates with the furnace on and off in 
another retrofitted home. The auto- 
mated data collection has served to 
pinpoint the additional >.l air change 
per hour resulting from furnace opera- 
tion that involves fuel combustion and 
induced air flow. Such data support 
the case for closed cycle furnace de- 
signs to conserve energy. 

CONSERVATION IMPLICATIONS 

Using the automated air infiltration 
equipment to monitor winter, and sun- 
mer air infiltration in the Twin Rivers 
townhouses (15) it was shown that the 
average energy losses from air infil- 
tration were between 30 and 40% during 
the heating season, but were less than 
7% Ln the same townhouses in the sum- 
mer. Thus weather influences on air ex- 
change rates and hence energy were very 
evident. High wind conditions were 
shown to raise winter energy losses due 
to air infiltration to more than 60% of 
the total. 

In the process of retrofitting those 
same townhouses, the use of air infil- 
tration monitoring, and careful atten- 
tion to the prevailing weather, has al- 
lowed quantitative measurements to be 
made of retrofit procedures. As energbr 
supplies continue to become more criti- 
cal the use of air infiltration mea- 
surements to document retrofits could 

become a vital part of the residential 
energy conservation program. In the 
future, building inspection, and load 
determination to establish the level 
of air infiltration energy losses, 
could use the automated equipment in 
either of two modes. One approach is 
monitorin5 air infiltration with or 
without external blower systems operat- 
ing over a short time span. The secord 
approach is the bag analysis method, 
previously described, where samples 
could be taken over a period of an b u r  
or two from a number of building room 
locations. Building air infiltration 
inspection, automated or bag sample, 
has clear energy conservation signifi- 
C M C C .  

Another aspect of infiltration measure 
ment that cannot be over-looked is 
knowledge gained for future housing 
designs. Air infiltration standards 
must allow a certain minimum amount of 
air exchange in residential as well as 
commercial buildings and schools. Up 
to this point it has been a struggle 
to reduce the air infiltration losses 
in existing dwellings to levels that 
approach this Lower limit. However, 
in new construction, using new materi- 
.als, and improved vapor barriers, pro- 
vision must be made to retain reason- 
able air exchange rates (16). The use 
of the monitoring equipment described 
in this paper will help document 
achievements in the reduction of air 
infiltration in new housing. 

The analytical modeling of energy use 
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in buildings requires an accurate as- 
sessment of each component of energy 
loss. Air infiltration measurements 
play an important role in making the 
analytical modeling realistic (13). 
Not only does air infiltration influ- 
ence, and at times dominate, the ener- 
gy appetite of the building, but other 
portions of the structure, such as the 
attic, heavily rely on air exchange 
rates to establish local temperature 
conditions (17). Thus, analytical 
modeling of buildings also can be 
shown to be highly dependent upon 
quantitative measurement of air ex- 
change rates, and infiltration. 
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