
Publisher’s version  /   Version de l'éditeur: 

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Building Research Note, 1983-07

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=40023b8b-60f7-4afd-a1c6-c0c682d9a2de

https://publications-cnrc.canada.ca/fra/voir/objet/?id=40023b8b-60f7-4afd-a1c6-c0c682d9a2de

NRC Publications Archive
Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 
La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 
acceptée du manuscrit ou la version de l’éditeur.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien 
DOI ci-dessous.

https://doi.org/10.4224/40000512

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

The effect of mechanical ventilation on the air leakage characteristic of 

a two-storey detached house
Shaw, C. Y.
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ABSTRACT 

Air change r a t e s  were measured i n  a two-storey detached house w i th  

ope ra t i on  of va r ious  types of mechanical f r e sh -a i r  v e n t i l a t i o n  systems. 

Four systems were s t u d i e d ,  i nc lud ing  two balanced systems (supply = 

exhaus t )  and two exhaust-only systems. The forced v e n t i l a t i o n  r a t e  

(supply o r  exhaus t )  was c o n t r o l l e d  a t  0.15, 0.25, 0.4 o r  0.5 a i r  changes 

per  hour. Expressions were developed f o r  t h e  test house r e l a t i n g  t h e  

house a i r  change r a t e  under w i n t e r  cond i t i ons  t o  t h e  fo rced  v e n t i l a t i o n  

r a t e  and t h e  i n f i l t r a t i o n  rate due t o  wind and temperature  d i f f e r e n c e .  

Key Words: A i r  Leakage, Mechanical V e n t i l a t i o n ,  R e s i d e n t i a l ,  

Measurement, Weather, P re s su re  



INTRODUCTION 

The a i r  change r a t e  i n  a  house has  a  major i n f luence  on energy 

consumption, indoor a i r  q u a l i t y  and moisture problems. To i n v e s t i g a t e  

t h e  e f f e c t  of weather,  a i r t i g h t n e s s ,  hea t ing  and v e n t i l a t i o n  systems on 

a i r  change and a i r  p ressure  d i s t r i b u t i o n ,  a  s e r i e s  of s t u d i e s  has been 

undertaken on t h e  four  detached two-storey houses of t h e  Mark X I  Energy 

Research P r o j e c t  co-sponsored by t h e  Div is ion  of Building Research and 

t h e  Housing and Urban Development Assoc ia t ion  of Canada ( H U D A C ) ~ .  The 

a i r  change r a t e s  and a i r t i g h t n e s s  va lues  measured f o r  t h e  fou r  houses 

and a  d i scuss ion  on t h e  e f f e c t s  of a i r t i g h t n e s s ,  wind and s t a c k  a c t i o n  

on house a i r  change have been repor ted2  g 3 .  The i n c r e a s e  i n  house a i r  

change r e s u l t i n g  from t h e  opera t ion  of a  na tu ra l -d ra f t  gas  furnace has 

a l s o  been repor ted4 .  Th i s  paper d i s c u s s e s  t h e  i n t e r a c t i o n  between house 

a i r  change and the  opera t ion  of mechanical v e n t i l a t i o n  systems. 

Mechanical o r  forced  v e n t i l a t i o n  systems a r e  coming i n t o  inc reas ing  

use i n  t i g h t  houses t o  provide outdoor a i r  f o r  c o n t r o l l i n g  indoor 

humidity and improving indoor a i r  q u a l i t y .  The v e n t i l a t i o n  systems can 

be c l a s s i f i e d  a s  e i t h e r  balanced systems o r  exhaust-only systems. A 

balanced system c o n s i s t s  of bo th  a  supply fan,  which draws a i r  i n t o  t h e  

house from the  outdoors ,  and an exhaust  f a n ,  which exhaus ts  an equal  

amount of indoor a i r  t o  t h e  outs ide .  An exhaust  system c o n s i s t s  of only 

an exhaust fan.  

I n  s i z i n g  a  mechanical v e n t i l a t i o n  system, a i r  i n f i l t r a t i o n  o r  

n a t u r a l  v e n t i l a t i o n  is of t en  neglec ted .  A s  a r e s u l t ,  t h e  house a i r  

change r a t e  under t h e  combined a c t i o n  of mechanical v e n t i l a t i o n  and 

weather o f t e n  exceeds the  des ign  f r e s h  a i r  requirement,  causing an 



unnecessary inc rease  i n  energy consumption5. The o b j e c t i v e s  of the  

c u r r e n t  s tudy a r e  t o  promote b e t t e r  understanding of t h e  in f luence  of 

I mechanical v e n t i l a t i o n  on the  house ai r  leakage c h a r a c t e r i s t i c ,  and t o  

develop an  express ion  f o r  e s t ima t ing  t h e  house a i r  change r a t e  under 

win ter  condi t ions.  

TEST HOUSE AND MECHANICAL VENTILATION SYSTEMS 

The t e s t  house (HZ) i s  a two-storey detached house wi th  a f u l l  

basement, l oca t ed  i n  a developed r e s i d e n t i a l  a r e a  i n  t h e  c i t y  of 

Gloucester ,  Ontario.  The house has  a forced-a i r  h e a t  d i s t r i b u t i o n  

system wi th  an e l e c t r i c  furnace. The volume of t h e  house, inc luding  

basement, is 386 m3 (13,633 f t 3 ) .  The a i r t i g h t n e s s  va lue  of t h i s  house 

was 7 9 . 7  L/s  a t  10 Pa (169 cfm a t  0.04 in. of water )  o r  0.033 m2 

(0.355 i t 2 )  i n  terms of equ iva l en t  leakage a rea1  ,2 .  

One supply and two exhaust systems were i n s t a l l e d  i n  t h e  house. The 

supply fan  brought outdoor a i r  i n t o  t h e  house through an i n t a k e  loca t ed  

i n  t he  south wa l l  of the  basement and discharged i t  i n t o  t h e  r e t u r n  duct  

of t h e  forced-a i r  hea t ing  system. The two exhaust  f ans  both drew a i r  

from the  basement: one discharged it through a duct  i n  t h e  south  wa l l  

of t h e  basement and t h e  o t h e r  discharged i t  through a duc t  p ro j ec t ing  

through the  roof .  The flow r a t e  of t he  f ans  could be c o n t r o l l e d  with a 

manual damper from 0 t o  55 L/s (0 t o  116 cfm) o r  0 t o  0.5 a i r  changes 

per hour ( ac /h ) .  The damper was i n s t a l l e d  i n  t he  a i r  duct  downstream of 

t h e  fan. 

The t h r e e  f ans  were used i n  t h e  fou r  system conf igu ra t ions  s h a m  i n  

F igure  1. 



Balanced Systems 

System I--supply through basement w a l l  and exhaust  through roof 

System 11--supply and exhaust both through basement w a l l  

Exhaust-Only Sys tems 

System 111---exhaust through roof 

System IV-exhaus t  through basement w a l l  

The fou r  con f igu ra t ions  were s e l e c t e d  t o  determine t h e  d i f f e r e n c e  i n  

performance of balanced and exhaust-only systems; and t o  i l l u s t r a t e  t he  

p o s s i b l e  e f f e c t  of exhaust  opening l o c a t i o n  on t h e  v e n t i l a t i o n  

c h a r a c t e r i s t i c .  

MEASUREMENT METHODS 

The ai r  change r a t e  of t h e  house was measured us ing  t h e  t r a c e r  gas  

decay method wi th  N20 ( n i t r o u s  oxide)  a s  t h e  t r a c e r  gas.  The gas was 

i n j e c t e d  i n t o  t h e  forced-a i r  h e a t  d i s t r i b u t i o n  system, and a i r  samples 

were c o l l e c t e d  from the  same system. The furnace f a n  was opera ted  

cont inuously dur ing  a  t e s t  t o  mix t h e  t r a c e r  gas  w i th  t h e  indoor a i r .  

N20 concent ra t ions  were measured wi th  an i n f r a r e d  gas ana lyzer  which was 

loca t ed  i n s i d e  t h e  t e s t  house. A sample N20 concent ra t ion  ve r sus  time 

curve, f o r  r e l a t i v e l y  high wind condi t ions ,  is  given i n  Figure 2. The 

r e s u l t  i n d i c a t e s  a  s t r a i g h t  l i n e  r e l a t i o n s h i p  between t h e  logarithms of 

N20 concent ra t ion  and time. This  sugges ts  t h a t  adequate mixing has been 

achieved dur ing  t h e  t e s t .  (The N20 d e t e c t o r  has  been p e r i o d i c a l l y  

c a l i b r a t e d  using c e r t i f i e d  c a l i b r a t i o n  gas.  The c a l i b r a t i o n  is l i n e a r  

w i t h i n  experimental  e r r o r .  ) 



The flow r a t e  of t h e  mechanical v e n t i l a t i o n  system was c o n t r o l l e d  a t  

0.15, 0.25, 0.4 o r  0.5 ac/h dur ing  each  test. Both t h e  supply and 

exhaust  flow r a t e s  were measured wi th  a vane anemometer i n s t a l l e d  i n  t h e  

ductwork. The d i f f e r e n c e  between t h e  two flow r a t e s  du r ing  balanced 

ope ra t i on  was c o n t r o l l e d  w i th in  5% of t h e  set flow r a t e .  The vane 

anemometer and duc t  assembly were c a l i b r a t e d  a g a i n s t  a laminar a i r - f low 

meter (Merian LFE Element, accuracy of 3% of measured flow r a t e )  i n  t h e  

l abo ra to ry .  No a t tempt  was made t o  c o r r e c t  t h e  flow r a t e  of t h e  supply 

a i r  f o r  outdoor a i r  temperature ,  because such a c o r r e c t i o n  is  no t  

normally made f o r  a c t u a l  i n s t a l l a t i o n s .  When an  exhaus t  system was 

t e s t e d ,  t he  supply system was shu t  down and a metal cap sea l ed  over t h e  

f a n  i n t ake .  

I n s i d e  and o u t s i d e  a i r  t empera tures ,  wind speed, and wind d i r e c t i o n  

were recorded on a computer-based d a t a  logging system. Wind speed and 

d i r e c t i o n  were measured approximately 18 m (60 f t )  above ground and 

about 10 m ( 3 3  f t )  sou th  of t h e  house. 

The indoor-outdoor p re s su re  d i f f e r e n c e  under calm cond i t i ons  was 

measured ac ros s  t h e  no r th  w a l l  a t  f ou r  l e v e l s  wi th  a diaphragm-type 

p re s su re  t r ansduce r  ( s t a t i c  e r r o r  band of 5% f u l l  s c a l e ) .  The p re s su re  

probes were l oca t ed  a t  the  head and s i l l  of a ground f l o o r  window and of 

a second f l o o r  window d i r e c t l y  above t h e  f i r s t .  P re s su re  readings were 

taken wi th  and without  mechanical v e n t i l a t i o n ,  and wi th  t h e  vent  

openings s e a l e d  and unsea led  wh i l e  t h e  mechanical v e n t i l a t i o n  was o f f .  

TESTS AND RESULTS 

The a i r  change r a t e s  of t h e  house were measured w i t h  and without  

mechanical v e n t i l a t i o n .  The four  v e n t i l a t i o n  systems were t e s t e d  i n  



t h i s  manner during t h e  1981-82 hea t ing  season under a  v a r i e t y  of weather 

condi t ions ,  wi th  indoor  t o  outdoor  temperature  d i f f e r e n c e s  ranging from 

18 t o  46 K (32 t o  83 R) and wi th  wind speeds up t o  25 km/h (16 mph). 

De ta i l ed  house a i r  change r e s u l t s  a r e  g iven  i n  t a b l e s  1-5. 

House A i r  Change Rate and Weather, No Mechanical V e n t i l a t i o n  

The e f f e c t  of indoor  t o  outdoor temperature  d i f f e r e n c e  ( s t a c k  a c t i o n )  

and wind on house a i r  change r a t e  is  shown i n  F igures  3a and 3b, 

r e s p e c t i v e l y ,  under r e p r e s e n t a t i v e  w in t e r  condi t ions .  These r e s u l t s  a r e  

s i m i l a r  t o  those  obtained f o r  two p r a c t i c a l l y  i d e n t i c a l  houses l oca t ed  

on ad j acen t  l o t s 3 .  For t h e s e  houses ,  t h e  a i r  i n f i l t r a t i o n  r a t e s  were 

found not  t o  vary s i g n i f i c a n t l y  wi th  temperature  d i f f e r e n c e  and wind 

du r ing  t h e  co ld  w in t e r  months. The i n f i l t r a t i o n  r a t e  (I ) of t h e  t e s t  
0 

house under w in t e r  cond i t i ons  was, t h e r e f o r e ,  assumed t o  be cons tan t  a t  

a  va lue  of 0.26 ac/h.  

House A i r  Change Rate  and Weather, With Mechanical V e n t i l a t i o n  

The e f f e c t  of temperature  d i f f e r e n c e  and wind speed on house a i r  

change r a t e  f o r  System I (basement supply and roof exhaus t )  wi th  a  

nominal fo rced  v e n t i l a t i o n  r a t e  of 0.5 ac /h  is  shown i n  F igu re s  4a and 

4b, r e spec t ive ly .  F igure  4 shows t h a t  t h e  house a i r  change r a t e  

i n c r e a s e s  wi th  temperature  d i f f e r e n c e  f o r  wind speeds up t o  25 km/h 

(16 mph). It a l s o  shows t h a t  a t  moderate temperature  d i f f e r e n c e s ,  t h e  

house a i r  change r a t e  i n c r e a s e s  w i t h  wind speed. F igure  4b ,  however, 

shows t h a t  t h e  i n f luence  of wind is  cons iderab ly  diminished i n  the  

presence of a  l a r g e  temperature  d i f f e r ence .  For comparison, a  l i n e  

r ep re sen t ing  t h e  sum of t he  assumed cons t an t  i n f i l t r a t i o n  r a t e  and t h e  



a i r  change r a t e  is  less t han  t h e  sum. 

The e f f e c t  of temperature  d i f f e r e n c e  and wind on house a i r  change 

r a t e  f o r  System I1 (basement supply and exhaust)  is  shown i n  F igures  5a 

and 5b, r e spec t ive ly .  The r e s u l t s  aga in  i n d i c a t e  a  s t r o n g e r  i n f luence  

of temperature  d i f f e r e n c e  t han  wind on house a i r  change r a t e .  Figure 5 

a l s o  shows t h e  a i r  change r a t e s  of System I f o r  comparison. The two 

s e t s  of house a i r  change d a t a  a r e  a lmost  i d e n t i c a l .  

The house a i r  change r a t e s  f o r  Systems 111 and I V  a r e  p l o t t e d  a g a i n s t  

temperature  d i f f e r e n c e  and wind i n  F igure  6a-d f o r  two fo rced  

v e n t i l a t i o n  r a t e s ,  0.5 and 0.25 ac/h.  The r e s u l t s  show t h a t  a t  

Q = 0.5 ac /h  (Fig.  6a,  b ) ,  t h e  house a i r  change r a t e s  under var ious  

weather condi t ions  a r e  nea r ly  equa l  t o  t h e  imposed forced  v e n t i l a t i o n  

r a t e .  A t  t h e  lower forced  v e n t i l a t i o n  r a t e s ,  however, F igures  6c and d 

i n d i c a t e  t h a t  t he  house a i r  change r a t e s  a r e  g r e a t e r  than  the  forced  

v e n t i l a t i o n  r a t e ,  bu t  s t i l l  less t han  t h e  sum of I and Q. 
0 

I n  comparison wi th  the  r e s u l t s  of t h e  balanced systems, t h e  house a i r  

change r a t e  f o r  t h e  exhaust-only systems was r e l a t i v e l y  i n s e n s i t i v e  t o  

both temperature  d i f f e r e n c e  and wind. This  was e s p e c i a l l y  t r u e  f o r  t h e  

h ighe r  exhaus t  r a t e s .  F igures  6a and b a l s o  show t h a t  some of t h e  

measured a i r  change r a t e s  were lower than t h e  imposed forced  v e n t i l a t i o n  

r a t e  because of t h e  inaccuracy i n  t r a c e r  gas  measurements, which was 

es t imated  t o  be about 10% of measured value6 (Fig.  2). 



House A i r  Change Rate and Forced V e n t i l a t i o n  Rate (Balanced Systems I 

and XI) 

The a i r  change r a t e s  measured under s i m i l a r  temperature d i f f e r e n c e s  

a r e  p l o t t e d  aga ins t  forced v e n t i l a t i o n  r a t e s  i n  Figure 7a and b f o r  t h e  

two balanced systems. The s imp les t  model r e l a t i n g  t h e  two parameters 

would be a  l i n e a r  r e l a t i o n s h i p ,  

1 = 1  +RQ 
0 

o r  

R = ( 1  - I o ) / Q  

where 

I = house a i r  change r a t e  w i t h  mechanical v e n t i l a t i o n ,  ac /h  

I = house a i r  change r a t e  without  mechanical v e n t i l a t i o n ,  ac /h ,  
0 

assumed cons t an t  f o r  co ld  win te r  months 

Q = v e n t i l a t i o n  r a t e ,  ac /h  

R = p r o p o r t i o n a l i t y  cons tan t .  

For comparison, the  boundaries,  I = Q and I = I + Q, a r e  shown i n  
0 

Figures  7a and b. 

The va lues  of R corresponding t o  va r ious  forced  v e n t i l a t i o n  r a t e s  a r e  

p l o t t e d  aga ins t  temperature d i f f e r e n c e  i n  Figure 7c,  assuming a 

cons tan t  Io. Because t h e  two balanced systems produced almost i d e n t i c a l  

house a i r  change r a t e s ,  t h e i r  R values  a r e  p l o t t e d  on t h e  same graph. 

The f i g u r e  shows t h a t  R and A t  can be represented  by an equat ion  of t h e  

gene ra l  form 

b 
R = a (At)  . ( 2 )  

The cons t an t s  a  and b were determined by t h e  method of l e a s t  squares ,  

which y i e l d s  

R = 0.13 (At)  
+ 

( 2 a )  



where A t  is i n  degrees Kelvin. (The cons tan t  0.13 i n  Equation 2a should 

be rep laced  by 0.1 i f  A t  is  i n  degrees Rankine.) 

House A i r  Change Rate and Forced V e n t i l a t i o n  Rate (Exhaust Systems I11 

and I V )  

Figure  8a and b shows t h e  r e l a t i o n s h i p  between house a i r  change r a t e  

and forced v e n t i l a t i o n  r a t e  f o r  t h e  two exhaust-only systems. For 

comparison, t h e  boundaries I = Q and I = I + Q a r e  a l s o  shown. The 
0 

f i g u r e s  i n d i c a t e  t h a t  f o r  low forced  v e n t i l a t i o n  r a t e s ,  t he  house a i r  

change r a t e  i s  g r e a t e r  than  t h e  corresponding fo rced  v e n t i l a t i o n  r a t e  

but t h a t  the  d i f f e r e n c e  decreases  a s  t h e  forced v e n t i l a t i o n  r a t e  

increases .  This  sugges t s  t h a t  a s  t h e  forced  v e n t i l a t i o n  r a t e  i n c r e a s e s ,  

the  a r ea  of bu i ld ing  envelope undergoing a i r  e x f i l t r a t i o n  due t o  weather 

f a c t o r s ,  decreases .  Beyond some forced  v e n t i l a t i o n  r a t e  (Qc)  only 

i n f i l t r a t i o n  occurs  ac ros s  t he  envelope and, hence, t he  house a i r  change 

i s  a f f e c t e d  by the  exhaust system only. 

For Q < Qc, t h e  semi-logarithmic p l o t s  of I/Io a g a i n s t  Q i n  

F igure  8c and d ,  and t h e  boundary condit ion,  I = 1, a t  Q = 0 ,  suggest  

t h a t  the  house a i r  change r a t e  i nc reases  wi th  forced v e n t i l a t i o n  r a t e  

according t o  t h e  express ion  

b 
I/Io = exp(a-Q ). ( 3 )  

Using t h e  l e a s t  square  curve f i t t i n g  technique,  t h e  fo l lowing  equat ions  

were obtained:  

111, = exp(l.31 Q) f o r  System 111 (3a)  

111, = exp(2.61 q 2 )  f o r  System I V .  (3b) 



For Q > Qc, t h e  house a i r  change r a t e  i s  equa l  t o  t h e  imposed 

forced v e n t i l a t i o n  r a t e .  

P re s su re  Di f fe rence  Caused by V e n t i l a t i o n  

The p re s su re  d i f f e r e n c e  a c r o s s  t h e  n o r t h  w a l l  was measured a t  f o u r  

l e v e l s  on s e v e r a l  calm days t o  g a i n  a b e t t e r  understanding of t he  e f f e c t  

of t h e  v e n t i l a t i o n  system on house pressure .  These d a t a  were f i t t e d  t o  

a s t r a i g h t  l i n e  t o  determine t h e  n e u t r a l  p r e s su re  l e v e l  (NPL). 

Figu re  9a shows t h e  measurements w i t h  Systems I and 111 f o r  an  indoor  t o  

outdoor temperature  d i f f e r e n c e  of 43 K (77 R ) ;  Figure 9b shows the  

measurements w i t h  Systems I1 and IV f o r  a temperature  d i f f e r e n c e  of 

30 K (54 R). 

Curve 1 on F igu re  9a and b shows t h a t  t h e  n e u t r a l  p r e s su re  l e v e l  of 

t h e  house before  i n s t a l l a t i o n  of t h e  mechanical v e n t i l a t i o n  system was 

a t  about 3.4 m (11.2 f t )  above grade. It a l s o  shows t h a t  ope ra t i on  of 

t he  balanced systems produced no major s h i f t  i n  NPL even though t h e  

house a i r  change r e s u l t i n g  from t h e  combined a c t i o n  of mechanical 

v e n t i l a t i o n  and s t a c k  e f f e c t  increased .  

Curve 2 i n  F igure  9a and b, however, shaws t h a t  t h e  ope ra t i on  of t h e  

exhaust  systems a t  a flow r a t e  of 0.5 ac /h  r a i s e d  t h e  NPL t o  about 

5.5 m (18 f t )  which is  almost a t  t h e  second s t o r e y  c e i l i n g  l e v e l .  A s  a 

r e s u l t ,  a i r  e x f i l t r a t i o n  ac ros s  t h e  house envelope almost ceased and t h e  

house a i r  change r a t e  equa l l ed  t h e  exhaust  r a t e .  

The maximum p re s su re  d i f f e r e n t i a l  induced by t h e  ope ra t i on  of t h e  

exhaust  systems was about 10 Pa (0.04 in .  of water)  which i s  only 

s l i g h t l y  g r e a t e r  than the  p re s su re  d i f f e r e n t i a l  a c t i n g  on the  house 

without  mechanical v e n t i l a t i o n .  I f  t h e  house were t i g h t e r ,  a g r e a t e r  



pres su re  d i f f e r e n t i a l  would be r equ i r ed  t o  maintain t h e  same exhaust  

r a t e ,  o r  t h e  exhaus t  r a t e  would be reduced. Therefore ,  t h e  exhaust-only 

system may not  be app rop r i a t e  f o r  t i g h t  houses un l e s s  a make-up a i r  

i n l e t  is  provided i n  t h e  bu i ld ing  envelope. 

SUMMARY 

1 .  The house a i r  change r a t e  w i t h  t h e  balanced systems i n c r e a s e s  

wi th  forced v e n t i l a t i o n  r a t e  and indoor-to-outdoor temperature  

d i f f e r e n c e ;  t h e  house a i r  change r a t e  w i t h  t h e  exhaust-only systems is  

c o n t r o l l e d  by t h e  forced v e n t i l a t i o n  r a t e .  

2. To provide t h e  d e s i r e d  a i r  change r a t e  of 0.5 ac /h  f o r ' t h e  t e s t  

house, an exhaust-only system would r e q u i r e  a forced v e n t i l a t i o n  r a t e  of 

0.5 ac /h ,  whereas a balanced system would only r e q u i r e  a fo rced  

v e n t i l a t i o n  r a t e  of 0.3 t o  0.4 ac/h.  

3 .  For t h i s  house, t h e  l o c a t i o n  of t h e  exhaust  o u t l e t s  has  l e s s  

e f f e c t  on t he  house a i r  change r a t e  wi th  balanced systems than wi th  

exhaust-only systems. 

4. I f  an exhaust-only system i s  t o  be i n s t a l l e d  i n  a t i g h t  house, i t  

is d e s i r a b l e  t o  provide a s u i t a b l y  s i z e d  a i r  i n t a k e  i n  t h e  house 

envelope. 

5 .  Under calm cond i t i ons ,  t h e  house p re s su re  d i s t r i b u t i o n  i s  

unaf fec ted  by t h e  ope ra t i on  of t h e  balanced systems but is  a f f e c t e d  by 

t h e  exhaust-only systems. 
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TABLE 1 House a i r  change r a t e  - No mechanical v e n t i l a t i o n  

AT V Supply Exhaust I 
Date (K) (km/h) 0 ( ac /h )  ( ac /h )  ( ac lh )  

J an  19 38.8 5.6 SSE 0 0 0.237 

Jan  21 35.1 10.4 NW 0 0 0.275 

Jan  26 42.5 9.4 WSW 0 0 0.278  

Feb 24 32.8 13.3 WNW 0 0 0.243 

Feb 25 32.9 17.9 WNW 0 0 0.264 

AT = indoor  air  temperature  - outdoor a i r  t empera ture  

V = wind speed 

8 = wind d i r e c t i o n  
I = house a i r  change r a t e  w i t h  mechanical v e n t i l a t i o n  
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TABLE 2 House air  change r a t e  wi th  mechanical v e n t i l a t i o n  - System I 

AT V supply Exhaust I 

(K) (km/h) 0 ( ac /h )  ( ac /h )  ( a c / h )  R 

ENE 

ws W 
WSW 
WSW 

WSW 

SW 

S 

S 
NW 
W 

SSW 
S SE 
WNW 

W 

S 
NW 
NE 
NE 

NE 

E 

WNW 

WNW 

WNW 
E 

E 

W 

ENE 

W 

E 

S SE 
WSW 
ESE 
E 

AT = indoor a i r  temperature - outdoor a i r  temperature 

V = wind speed 

8 = wind d i r e c t i o n  
I = house a i r  change r a t e  w i t h  mechanical v e n t i l a t i o n  

R = (I - I o ) / Q  (forced v e n t i l a t i o n  r a t e )  



15 

TABLE 3 House a i r  change r a t e  wi th  mechanical v e n t i l a t i o n  - System I1 

AT V supply  Exhaust I 

(K) (km/h) 0 (ac /h)  (ac /h)  R 

S 
E 

S 
W 

E SE 

S 
E 

W 

E 

S W 

SW 

W 
E 

WS W 

ESE 
ESE 

ESE 

E 
E 
E 

WNW 

WNW 

AT = indoor  a i r  temperature  - outdoor a i r  temperature  

V = wind speed 
0 = wind d i r e c t i o n  

I = house a i r  change r a t e  w i t h  mechanical v e n t i l a t i o n  

R = ( I  - I o ) / Q  ( fo rced  v e n t i l a t i o n  r a t e )  
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TABLE 5 House a i r  change r a t e  wi th  mechanical v e n t i l a t i o n  - System I V  

AT V supply Exhaust I 

(K) (km/h) 0 ( a c l h )  ( a c / h )  (ac /h)  

S 
WS W 
S 

SSW 
E 

W 
S 
WSW 
S W 
SE 
E 
E 

W 
S 
W 

SE 
S 
W 

S 
S W 
SE 

WNW 

SE 
S 

AT = indoor a i r  temperature - outdoor a i r  temperature 
V = wind speed 

9 = wind d i r e c t i o n  

I = house a i r  change r a t e  w i th  mechanical v e n t i l a t i o n  
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