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THE PERFORMANCE OF AN AUTOMATED SF6 CONSTANT CONCENTRATION 

TRACER GAS APPARATUS FOR MEASURING AIR INFILTRATION RATES 

IN BUILDINGS 

b Y 

C . Y .  Shaw 

PREFACE 

A s  p a r t  of t h e  r e sea rch  program on conserva t ion  of  
energy i n  b u i l d i n g s ,  t h e  Division of  Building Research has 
been measuring r a t e s  of a i r  leakage i n t o  and ou t  of bu i ld ings  
The appara tus  t h a t  has been used f o r  t h e s e  measurements 
y i e l d s  an average va lue  of i n f i l t r a t i o n  over  a  per iod  of 
one h a l f  t o  one hour.  There i s  a  need, however, f o r  an 
instrument  t h a t  can monitor a i r  i n f i l t r a t i o n  r a t e s  on a  
continuous b a s i s .  This r e p o r t  p re sen t s  t h e  r e s u l t s  of a  
s e r i e s  of t e s t s  t h a t  have been made t o  check t h e  performance 
of a  pro to type  of such an instrument .  Although i t  does no t  
meet t h e  l e v e l  of  performance t h a t  i s  d e s i r e d ,  it shows 
cons iderable  p o t e n t i a l  f o r  improvement. 
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An automated SF6 c o n s t a n t  c o n c e n t r a t i o n  a i r  i n f i l t r a t i o n  a p p a r a t u s  

was checked i n  an unoccupied two- s to r ey  house where c o n s t a n t  a i r  
l eakage  r a t e s  cou ld  be induced by an  exhaus t  f a n .  The a i r  l eakage  

r a t e s  measured wi th  t h i s  a p p a r a t u s  were compared w i th  t h o s e  
induced by t h e  f a n  and t h o s e  measured by t h e  t r a c e r  g a s  decay 
method. Based on t h e s e  comparisons ,  t h e  performance of t h i s  
a p p a r a t u s  was e v a l u a t e d .  



A i r  i n f i l t r a t i o n  i s  t h e  leakage o f  a i r  i n t o  a  bu i ld ing  through 
v a r i o u s  c r acks  and openings i n  t h e  bu i ld ing  s t r u c t u r e  and it accounts  
f o r  a  s i g n i f i c a n t  p o r t i o n  of a  b u i l d i n g ' s  h e a t i n g  and coo l ing  loads .  
Measurements of  a i r  i n f i l t r a t i o n  r a t e s  a r e  commonly conducted by us ing  
t h e  t r a c e r  gas  technique  (I). I t  i nvo lves  t h e  i n j e c t i o n  of  a  small  
amount of t r a c e r  gas  i n t o  a  t e s t  bu i ld ing  where it i s  mixed wi th  t h e  
a i r  t o  a  hope fu l ly  uniform composition us ing  t h e  a i r  handl ing  system. 
I f  t h e  mixing i s  adequate ,  t h e  t r a c e r  gas  c o n c e n t r a t i o n  should dec rease  
wi th  t ime  a f t e r  a  peak concen t r a t i on  i s  reached .  The r a t e  of  decay i s  
p r o p o r t i o n a l  t o  t h e  inf low of  t h e  o u t s i d e  a i r  t h a t  is equal  t o  t h e  
outf low of  t h e  i n s i d e  a i r - t r a c e r  gas  mix ture  under s t e a d y  s t a t e  
cond i t i ons .  Thus, t h e  a i r  i n f i l t r a t i o n  r a t e  of a b u i l d i n g  can be 

c a l c u l a t e d  by measuring t h e  decay of t h e  t r a c e r  gas  c o n c e n t r a t i o n ,  i . e . ,  
t h e  decay method. I f  a d d i t i o n a l  t r a c e r  gas  i s  i n j e c t e d  t o  overcome t h i s  
decay,  t h e  a i r  i n f i l t r a t i o n  r a t e  can a l s o  be c a l c u l a t e d  by measuring t h e  

amount of  t r a c e r  gas  r e q u i r e d  t o  main ta in  a  cons t an t  concen t r a t i on  
i n s i d e ,  i . e . ,  t h e  cons t an t  concen t r a t i on  method. 

The decay method has been used e x t e n s i v e l y  (2,3)  because of i t s  
s i m p l i c i t y .  A i r  leakage r a t e s  measured by t h i s  method have been shown 

t o  be i n  good agreement wi th  independent measurements under bo th  
l a b o r a t o r y  and f i e l d  c o n d i t i o n s  ( 4 ) .  On t h e  o t h e r  hand, t h e  c o n s t a n t  
concen t r a t i on  method has  r a r e l y  been used and checked because it 

r e q u i r e s  equipment t h a t  i s  not  r e a d i l y  a v a i l a b l e .  An a t tempt  was made 

r e c e n t l y  by Kumar, I r e son  and O r r  (5) t o  des ign  and b u i l d  a  f u l l y  

automated SF6 cons t an t  concen t r a t i on  a i r  i n f i l t r a t i o n  appa ra tu s  (DBR a i r  

i n f i l t r a t i o n  a p p a r a t u s ) .  Th i s  s tudy  checks t h e  performance of  t h a t  
appa ra tu s  i n  an unoccupied two-storey de tached  house under v a r i o u s  

ope ra t i ng  c o n d i t i o n s .  The purpose of  t h e  s tudy  was t o  examine t h e  
performance of t h e  DBR a i r  i n f i l t r a t i o n  appa ra tu s ,  and t o  compare t h e  
a i r  change r a t e s  measured by t h e  two t r a c e r  gas  techniques .  

MEASUREMENT OF AIR INFILTRATION 

Assuming adequate  mixing, t h e  r e l a t i o n s h i p  of  t h e  a i r  i n f i l t r a t i o n  

r a t e ,  I ,  wi th  t h e  t r a c e r  gas  i n j e c t i o n  r a t e ,  W ,  and t h e  i n s i d e  t r a c e r  
gas  concen t r a t i on ,  C ,  i s  

where V i s  t h e  volume o f  t h e  t e s t  b u i l d i n g  and t i s  t h e  t ime.  Eq ( l j  
can be so lved  f o r  t h e  fo l lowing  two cond i t i ons :  

Decay Method; W = 0 

where Co i s  t h e  t r a c e r  gas  concen t r a t i on  7 +  C' a f t e r  t h e  beginning of 

t h e  decay. The b e s t  way t o  so lve  f o r  I  i s  t o  f i t  Eq ( 2 )  wi th  t h e  



c o n c e n t r a t i o n  d a t a  c o l l e c t e d  ove r  a  p e r i o d  o f  30 t o  60 minutes  w i th  a  
sampling i n t e r v a l  o f  about  5  minu tes  ( 4 ) .  

Cons tan t  Concen t r a t i on  Method; dC/dt = 0  

The accuracy  o f  t h i s  method depends mainly  upon how s u ~ c e s s f u l l ; ~  t h e  
a p p a r a t u s  c o n t r o l s  t h e  t r a c e r  g a s  i n j e c t i o n  r a t e  t o  ma in t a in  a  c o n s t a n t  
c o n c e n t r a t i o n ,  C .  I n  t h e  DBR a i r  i n f i l t r a t i o n  a p p a r a t u s ,  t h e  t r a c e r  gas  
i n j e c t i o n  r a t e  i s  r e g u l a t e d  by c o n t r o l l i n g  t h e  number o f  i n j e c t i o n s  o f  
0.0108 m l  o f  t r a c e r  gas  from a  d i s c h a r g e  u n i t  accord ing  t o  t h e  equa t i on  

where N i s  t h e  number o f  t r a c e r  ga s  i n j e c t i o n s ,  Ns i s  t h e  expec ted  N ,  

m i s  t h e  g a i n  o f  t h e  p r o p o r t i o n a l  c o n t r o l ,  C i s  t h e  measured concen t r a t i on  
and Cs i s  a  r e f e r e n c e  c o n c e n t r a t i o n .  The v a l u e s  of N s ,  m and Cs va ry  
from house t o  house.  I n  t h e  t e s t  house t h e y  were assumed t o  be 8 ,  0.15 
and 1500 ( i . e . ,  15 ppb) r e s p e c t i v e l y .  

During a  t e s t  C w i l l  be measured,  and based on t h a t  f i g u r e ,  
a c e r t a i n  amount o f  t r a c e r  g a s  w i l l  be i n j e c t e d  i n t o  t h e  t e s t  house 
e v e r y  24 minutes .  A s  t h e r e  i s  a  l a g  between t r a c e r  g a s  i n j e c t i o n  and 
change o f  c o n c e n t r a t i o n  a t  t h e  sampling l o c a t i o n ,  t h e  c o n c e n t r a t i o n  
i n s i d e  w i l l  f l u c t u a t e  w i th  t ime .  Consequent ly ,  t h e  c o n d i t i o n  o f  d C / d t = O  
i s  almost  c e r t a i n l y  n o t  s a t i s f i e d .  To overcome t h i s  problem, t h e  DBR a i r  
i n f i l t r a t i o n  a p p a r a t u s  r e c o r d s  C and N f o r  a  p e r i o d  o f  30 minutes  and 
c a l c u l a t e s  t h e  mean i n f i l t r a t i o n  r a t e  from t h e  equa t i on  

where N i s  t h e  t o t a l  number o f  i n j e c t i o n s  f o r  each t e s t  p e r i o d ,  n  i s  t h e  
number o f  samples p e r  hour  (n = 24) ,  n l  i s  t h e  number o f  samples p e r  t e s t  
p e r i o d ,  v  i s  t h e  volume of  SF6 p e r  i n j e c t i o n  i n  m l  (v = 0.0108 m l ) ,  V i s  
t h e  volume o f  t h e  t e s t  b u i l d i n g  i n  m3 and CC i s  t h e  sum of  n l  
co r i c en t r a t i on  i n  ppb. 

TEST ASSEMBLY 

The t e s t  b u i l d i n g  (F igure  I ) ,  i s  a  two-s to rey  de tached  house w i th  
basement. I t  h a s  a c e n t r a l  a i r  c i r c u l a t i n g  system wi th  an  e l e c t r i c  
f u r n a c e  l o c a t e d  i n  t h e  basement. The fu rnace  fa :  was o p e r a t i n g  
con t i nuous ly  du r ing  t h e  t e s t  t o  mix t h e  t r a - ? -  ; , s  wi th  t h e  a i r .  The D B K  

a i r  i n f i l t r a t i o n  a p p a r a t u s  was l o c a t e d  i n  t h e  l i v i n g  room on t h e  ground 
f l o o r .  SF6 was i n j e c t e d  i n t o  t h e  supply  d u c t  and samples o f  t h e  a i r -SF6  
mix tu r e  were c o l l e c t e d  from t h e  r e t u r n  d u c t .  



In some t e s t s  t h e  a i r  leakage r a t e s  of  t h e  house were c o n t r o l l e d  
and measured by an exhaust f a n  t h a t  d i scharged  t h e  a i r  t o  o u t s i d e  

through a  long c i r c u l a r  d u c t .  P re s su re  t a p s  were mounted a t  mid-height 
on t h e  e x t e r i o r  w a l l s  and i n  t h e  c e i l i n g .  These p r e s s u r e s  r e f e r enced  t o  
i n s i d e  were recorded a s  evidence t h a t  t h e  a i r  f low d i r e c t i o n  was from 
o u t s i d e  t o  i n s i d e  and t h a t  t h e  a i r  exhausted t o  o u t s i d e  was accounted 
f o r  downstream of  t h e  f a n .  A laminar  flow element (MERIAN LFE ELEMENT), 
a c c u r a t e  t o  3  p e r  cen t  of  t h e  measured f low r a t e ,  was used f o r  f low 

measurements. 

C02 and o c c a s i o n a l l y  CH4 were i n j e c t e d  i n t o  t h e  house and t h e  a i r  

leakage r a t e s  measured by t h e  decay method us ing  t r a c e r  gases .  
A Beckman Model 864 i n f r a r e d  C02 gas  ana lyze r  and a  Meloy Model HC 500-20 
flame i o n i z a t i o n  gas  ana lyze r  were used t o  measure t h e  concen t r a t i ons .  

RESULTS A N D  DISCUSSION 

The SF6 cons t an t  concen t r a t i on ,  C02 and CH4 decay r e s u l t s  a s  shown 
i n  F igure  2, a l l  ag ree  c l o s e l y  with t h e  fan-induced a i r  change r a t e s .  

For comparison, F igure  2  a l s o  shows t h e  C02 and SF6 t r a c e r  gas  r e s u l t s  

ob ta ined  p rev ious ly  us ing  t h e  decay method under s i m i l a r  c o n d i t i o n s  (4 ) .  

A l l  t h e  t r a c e r  gas  d a t a  appear  t o  l i e  evenly  about t h e  l i n e  o f  

agreement wi th  t h e  r o o t  mean square  e r r o r s  of 0.04 a i r  changes pe r  hour 

(ac/h) f o r  t h e  SF6 decay r e s u l t s  and 0.06 both f o r  t h e  C02 decay and t h e  
SF6 cons t an t  concen t r a t i on  r e s u l t s .  These f i n d i n g s  sugges t  t h a t  t h e r e  

i s  no sys t ema t i c  d i f f e r e n c e  between t r a c e r  gas  and fan-induced r e s u l t s  
f o r  t h e  range o f  a i r  change r a t e s  shown. Fu r the r ,  t h e  agreement between 
SF6 cons t an t  concen t r a t i on  and decay r e s u l t s  sugges t s  t h a t  t h e  two t r a c e r  
gas  techniques  g i v e  almost t h e  same r e s u l t s .  

A comparison between t h e  SF6 cons t an t  concen t r a t i on  and t h e  C02 

r e s u l t s  (Figure 3 ) ,  i n d i c a t e s  t h a t  below 0.5 ac /h  t h e  SF6 cons t an t  
concen t r a t i on  r e s u l t s  a r e  sma l l e r  t han  t h e  C02 v a l u e s .  Th i s  d i f f e r e n c e  
i s  l i k e l y  caused by t h e  behaviour o f  t h e  two t r a c e r  gases  a s  a  s i m i l a r  

t r e n d  (Figure 3) has  been observed f o r  t hose  measured on ly  by t h e  decay 
method (4 ) .  Above 0 .5  ac /h  t h e  SF6 cons t an t  concen t r a t i on  r e s u l t s  appear  
t o  be sma l l e r  a s  we l l ,  but  t h e r e  a r e  i n s u f f i c i e n t  d a t a  t o  r each  a  

d e f i n i t e  conc lus ion .  

Two t e s t s  were conducted t o  check t h e  response  of t h e  DBR appa ra tu s  

t o  a  s t e p  change i n  a i r  leakage r a t e s .  I n  t h e  f i r s t  t e s t ,  F igu re  4,  t h e  
a i r  leakage r a t e  of  t h e  house was i n i t i a l l y  s e t  and he ld  a t  0.91 ac /h  
f o r  f o u r  hours  and was then  decreased a b r u p t l y  t o  0.57 ac /h  f o r  t h e  

remainder of  t h e  t e s t .  I n  t h e  second t e s t ,  t h e  a i r  leakage r a t e  was s e t  
a t  0.53 ac /h  a t  t h e  beginning and was increased  t o  0.86 ac /h  one and a  
h a l f  hours  l a t e r .  The measured a i r  change raTc.5 ;:- .e compared wi th  t h e  

induced va lues  f o r  both t e s t s  i n  F igure  4.  The r e s u l t s  i n d i c a t e  t h a t  
t h e  measured a i r  leakage r a t e s  f l u c t u a t e  wi th  t ime when t h e  a i r  leakage 
r a t e  o f  t h e  house i s  cons t an t .  They a l s o  show t h a t  it t a k e s  about one 

hour f o r  t h e  appa ra tu s  t o  respond t o  a  s t e p  change i n  a i r  leakage r a t e s .  



As t h e  main advantage of t h e  cons tant  concent ra t ion  approach over t h e  
decay technique i s  t h a t  it has t h e  p o t e n t i a l  of being a b l e  t o  fol low 
changes i n  a i r  i n f i l t r a t i o n  r a t e s  ( e . g . ,  changes due t o  furnance 
o p e r a t i o n ) ,  t h e  slow response exh ib i t ed  by t h i s  appara tus  can g r e a t l y  

reduce t h i s  p o t e n t i a l .  The problem, however, i s  i n  t h e  a n a l y s i s  of 
r e s u l t s  r a t h e r  than  with t h e  appara tus  i t s e l f  because of t h e  a r b i t r a r i l y  
chosen 30 minute averaging pe r iod .  

Figure 5 shows t h a t  both N and C can reach  a  new s teady va lue  
wi th in  about 5  minutes of  a  s t e p  change i n  t h e  a i r  leakage r a t e ,  
suggest ing t h a t  a  much s h o r t e r  averaging per iod ,  say  5 minutes,  should 
be adopted. To reduce t h e  averaging per iod ,  however, it i s  necessary  t o  
smooth out  t h e  f l u c t u a t i o n s  i n  t h e  concent ra t ion  d a t a  t o  reduce t h e  
e r r o r  caused by a  non-zero dC/dt.  This  may be achieved by us ing  the  
mean va lue  of  t h e  previous  and cu r ren t  concen t ra t ions  i n  p l ace  of C i n  
E q  (4) .  Fu r the r ,  Figure 5  shows t h a t  t h i s  appara tus  f a i l s  t o  maintain 
a  cons tant  concent ra t ion  i f  t h e  a i r  leakage r a t e  changes dur ing  a  t e s t .  
This  i s  expected because E q  (4) with a  cons tant  N s  r ep resen t s  a  simple 
p ropor t iona l  type  of c o n t r o l  a lgori thm f o r  t h e  SF6 concent ra t ion .  This  
type  of  c o n t r o l  cannot maintain a  cons tant  concent ra t ion  i f  t h e  a i r  
leakage i s  changing. The c o n t r o l  a lgori thm should have t h e  c a p a b i l i t y  
t o  vary  t h e  va lue  of N s .  The s imples t  method t o  achieve  t h i s  i s  t o  
r ep lace  N s  with t h e  previous  va lue  of N i n  E q  ( 4 ) .  Thus b e t t e r  Eqs (4) 
and (5) would be 

and 

where t h e  s u b s c r i p t s  t and t-1 r ep resen t  t h e  c u r r e n t  and t h e  previous 
va lues  r e s p e c t i v e l y .  Another s e r i e s  of t e s t s  i s  needed t o  check t h e  

performance us ing  these  equat ions .  

Simultaneous measurements of t h e  a i r  i n f i l t r a t i o n  r a t e s  of t h e  house 
were conducted us ing  both t h e  C02 decay and t h e  SF6 cons tant  concentration 
methods f o r  14 hours.  The wind speed during t h i s  per iod  was under 
3 . 3  m/s, s o  t h e  s t ack  a c t i o n  was t h e  predominant d r i v i n g  p o t e n t i a l  behind 
a i r  i n f i l t r a t i o n  (6) .  The r e s u l t s  p l o t t e d  a g a i n s t  t ime,  Figure 6, 
demonstrate t h a t  t h e  SF6 va lues  a r e  smal le r  than  t h e  C02 r e s u l t s  and t h a t  
t h e  SF6 d a t a  appear t o  be l e s s  s e n s i t i v e  t o  s t ack  a c t i o n  than  those  of 
t h e  C02. 



The performance of an automated SF6 cons tant  concent ra t ion  a i r  

i n f i l t r a t i o n  appara tus  was checked i n  a two-storey detached house under 
t h e  fol lowing cond i t ions :  

(1) Constant A i r  Leakage Rates 

The measured va lues  were i n  good agreement wi th  t h e  fan-induced 

va lues  f o r  a i r  leakage r a t e s  above 0 .4  ac /h .  The SF6 r e s u l t s  a l s o  

agreed c l o s e l y  with t h e  s imultaneously measured C02 r e s u l t s  a t  h igher  
a i r  leakage r a t e s  but  they  were smal le r  a t  lower a i r  change r a t e s .  

I t  was found t h a t  us ing  SF6 a s  t h e  t r a c e r  gas,  t h e  cons tant  

concent ra t ion  and t h e  decay methods gave s i m i l a r  r e s u l t s .  

(2) Step Changes i n  A i r  Leakage Rates 

The DBR a i r  i n f i l t r a t i o n  appara tus  f a i l e d  t o  maintain a cons tant  

concent ra t ion  i f  a s t e p  change i n  t h e  a i r  leakage r a t e  occurred,  but  it 
responded t o  t h i s  change quickly  and e f f e c t i v e l y  by ad jus t ing  i t s  t r a c e r  
gas i n j e c t i o n  r a t e  t o  a new s t eady  value.  The appara tus  appeared t o  be 
a b l e  t o  d e t e c t  changes i n  i n f i l t r a t i o n  r a t e s  but needs a b e t t e r  c o n t r o l  

a lgori thm t o  achieve i ts  f u l l  p o t e n t i a l .  

REFERENCES 

1. l i i t ch in ,  E . R .  and Wilson, C . B .  A Review of Experimental Techniques 
f o r  t h e  Inves t iga t ion  of Natural V e n t i l a t i o n  i n  Buildings.  Building 
Science,  Vol. 2, Pergamon Press ,  1967. 

2 .  t i a r r j e ,  D.T., Hunt, C . M . ,  Treado, S .J .  and Malik, N.J. Automated 

Instrumentat ion For A i r  I n f i l t r a t i o n  Measurements i n  Buildings.  
The Center f o r  Environmental S tud ie s ,  Pr ince ton  Univers i ty ,  

Report 13, Apr i l  1975. 

3 .  Hunt, C.M.  and Burch, D . M .  A i r  I n f i l t r a t i o n  Measurements i n  A 

Four-Bedroom Townhouse Using Su l fu r  Hexafluoride a s  A Tracer  Gas. 

ASHRAE Transac t ions ,  Vol. 81, P a r t  I ,  1975. 

4 .  Basse t t ,  M . R . ,  Shaw, C . Y .  and Evans, R.G.  An Appraisal  of t h e  

Sulphur Hexafluoride Decay Technique For Measuring A i r  I n f i l t r a t i o n  
Rates i n  Buildings. ASHRAE Transac t ions ,  Vol. 87, Pa r t  11, 1981. 

5 .  Kumar, R . ,  I reson,  A.D.  and Orr, H.W. An Automated A i r  I n f i l t r a t i o n  
Measuring System Using SF6 Tracer  gas i n  C o x t a n ?  Concentrat ion and 
Decay Methods. ASHRAE Transac t ions ,  Vol. d s ,  P a r t  11, 1979. 



6 .  Shaw, C . Y .  and Tamura, G.T. Mark XI Energy Research P r o j e c t ,  A i r  
T ightness  and A i r  I n f i l t r a t i o n  Measurements. National  Research 
Council of Canada, Division of Building Research BR Note 162, 

June 1980. 

ACKNOWLEDGEMENT 

The author  wishes t o  thank l l . W .  O r r  f o r  h i s  a s s i s t a n c e  and 
suggest ions i n  conducting t h i s  s tudy.  He a l s o  wishes t o  acknowledge t h e  
a s s i s t a n c e  of W.C. Brown, R.G.  Evans and J .  Payer i n  conducting t h e  

t e s t s .  

The house used i n  t h i s  s tudy i s  House H3 of t h e  HUDAC/NRC Mark XI 
energy r e sea rch  p r o j e c t .  



I 6 , I 

+ ,=====- -; ; I I 

I I I 

;:==:;=FC==2=:=====; 

FRONT ELEVATION 

BASEMENT PLAN 

SECTION 

PRESSURE I L 

LEAKAGE RATE 

CH4 DETECTOR 

AUTOMATED SF6 CONSTANT- 

GROUND FLOOR PLAN SECOND FLOOR PLAN 

F I G U R E  1 

T E S T  H O U S E  



1 I I I I 
PREVIOUS STUDY, REF. 4 

0 SF6 DECAY METHOD 

- A C 0 2  DECAY METHOD 

PRESENT STUDY 

l SF6 CONSTANT- 

- CONCENTRATION METHOD 

A C 0 2  DECAY METHOD :$?/ 
CHq DECAY METHOD /: A - - 

- =,i? - 

,,to 
- 

A 
- 

LINE OF AGREEMENT 
a 
0 

- 

I  I I  I 0 
0 0.  2  0. 4 0. 6  0. 8 1. 0 1. 2  

F A N - I N D U C E D  A I R  C H A N G E  R A T E ,  a c l h  

F I G U R E  2  

C O M P A R I S O N  OF T R A C E R  G A S  A N D  
F A N -  I N D U C E D  A I  R  C H A N G E  R A T E S  

I I I I I 

CONSTANT-CONCENTRATION METHOD 
I 

/ 

- l FAN-INDUCED AIR CHANGE RATES / - 
/ 

0 NATURAL AIR CHANGE RATES / 
/ 

9/ - A - 

A?*'* 

/ 

- 
/ 

A/ l - 
/ 

A w 
A/ - / - 

/o'i 
A' 

0' - - 

/ 
A 

/ 

- cE@// 

A--A DECAY METHOD - 
REFERENCE 4 

/ 
/ I  I  I  1 I 

C 0 2  A I R  C H A N G E  R A T E ,  a c l h  

F I G U R E  3 

R E L A T I O N  B E T W E E N  S  I M U L T A N E O U S L Y  
M E A S U R E D  C 0 2  A N D  S F 6  T R A C E R  G A S  

A I R  C H A N G E  R A T E S  



I I i I I I I ? 

t- -.- T E S T  2 - 
I 

- 
I 

I 

6' - 
I 

I 

- 
I 
I 

I 
I 

- 
I 

I 

- 
I \ '  
! Ad-* 
I + 

I 

- 

D 

I I I I I I I 

T I M E ,  h 

F I G U R E  4 

M E T E R  R E S P O N S E  T O  A  S T E P  C H A N G E  I N  I N D U C E D  
A I R  L E A K A G E  R A T E  



Y " I "  
0 Z 

I I I I I I I I 
N U M B E R  O F  SF6 I N J E C T I O N S  

- ..... 
W O K  1 5 C  - m a s  

1 0 -  
w-@..ee. - 

z 5 5 -  
0  I I I I I I I I 

- 

TIME, min 

1.0 

-  0 . 9 -  
I- 
< , 
W 

0.8 
c 

2 %  o '7  

A 

E 0.6 - 
a 

0.5 

F I G U R E  5 

R E S P O N S E  OF S F 6  C O N C E N T R A T I O N  A N D  I N J E C T I O N  R A T E  T O  A  S T E P  

C H A N G E  I N  A I R  L E A K A G E  R A T E  

E p  
'UJ I-o 2 6  
W Z  
a W 

-5 ry 
3 Y 2 4  
0 a 

0  20 40 60 80 100 120 140 160 180 

I I I I I I 1 I 4 

0 . 9 1  a c / h  

I I I I I I 1 I I 
;', 

I '  

W I N D  SPEED 4 3 . 3  m/s 
I \ 

I' : - 
f 

- 
I 

/ .. 
I ..__ C --- C 

I 

I - 1 

,' - 
- - - - - - - - - d d  ______---------- _ - - 

I I I I I I I I I I 

A 
A 

- 
MEASURED AIR L E A K A G E  

- RATE; C O N S T A N T -  

C O N C E N T R A T I O N  M E T H O D  - 

w- I I I I I I I I I 
I- 

0. 2  - 0 C 0 2  DECAY METHOD , - 
Z 

SF6 CONSTANT-CONCENTRATION METHOD 

0 0 P"-O 

z J= = 3 
I- (TI -I - 
Y 

z 
w 

- 
- 

C O N S T A N T  A I R  L E A K A G E  - 
RATE I N D U C E D  BY F A N  

0 . 5 7  a c / h  - A 

J A N  2 3  

- I I I 1 I I I A 1 

TIME, h 

F I G U R E  6  

C O M P A R I S O N  O F  S F 6  C O N S T A N T - C O N C E N T R A T I O N  A N D  C 0 2  
D E C A Y  R E S U L T S  


