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SYNOPSIS 

This  paper  compares t h e  convent ional  exhaust  system 
with a supply-exhaust system concerning which degree 
of c o n t r o l  of t h e  a i r  exchange i n  t h e  i n d i v i d u a l  rooms 
i s  p o s s i b l e .  

V e n t i l a t i o n  e f f i c i e n c y  and a i r  exchange e f f i c i e n c y  a r e  
def ined .  Some examples snow t h e  l o c a l  concen t ra t ion ,  
mean v e n t i l a t i o n  e f f i c i e n c y  and mean a i r  exchange 
e f f i c i e n c y  f o r  some simple v e n t i l a t i o n  schemes. Ex- 
haus t  systemsrequire  a very  t i g h t  bu i ld ing  wi th  small  
make up  a i r  openings.  

The d i f f e r e n t  systems' a b i l i t y  t o  avoid leakage o u t  
from t h e  bu i ld ing  of  indoor a i r  i s  compared too .  The 
c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  exhaust  system can 
g ive  s m a l l  d u r a t i o n  of indoor a i r .  The supply-exhaust 
system g i v e s  a g r e a t e r  d u r a t i o n ,  b u t  t h e  flow can be 
considerably reduced i f  t h e  supply a i r  f low r a t e  i s  re-.. 
duced, An extremely low v e l o c i t y  exhaust  system w i l l  
a l s o  reduce t h e  unwanted outflow. 





INTRODUCTION 

V e n t i l a t i o n  comes from the latin word "ventilare" which 
means "expose to the wind1'. In Rome, where the climate 
is nice, people then probably thought of a gentle, coo- 
ling breeze. In Sweden a more natural association is 
draught. The art of ventilation, as it is practiced in 
Sweden of today consequently aims at not being noticed. 
~t is typical that the increased interest in ventila- 
tion the last few years originatedfrom damage in buil- 
dings, especially in small detached houses used as fa- 
mily dwellings. The damages are due to moisture. They 
have to a great extent been attributed to lack of air 
exchange due to the tightness of many new buildings. 

For a ventilation engineer it is natural to supply the 
required flow rate of ventilation air in a controlled 
way, matching the degree of control of the building it- 
self. The answer for him is a mechanical supply and ex- 
haust system with heat recovery from the exhaust air. 
The recovered heat can be used for preheating the 
supply air. However, in order to avoid overpressure in- 
side the building, which couldcause condensation of 
moisture from humid indoor air in the walls, it is cus- 
tomary to supply only 70 - 90% of the exhaust flow rate. 
This somewhat decreases the efficiency of the heat re- 
covery, but more important is that in summertime no pre- 
heating of the supply air is needed. In order to make 
use of heat from the exhaust air the whole year the use 
of heat pumps is gaining popularity. The heat is then 
used for the preparation of hot water or for heating. 

Ventilation ail flow rates are low. The Swedish Building 
Code requixes a Plow rate corresponding to about 0,5 air 
changes. But the Code also recommends that when there 
is a heating demand the flow shall not exceed this mi- 
nimum flow rate. In offices, for instance, this small 
flow rate is not sufficient for clhatisation summer- 
time. Consequently recirculation air is used during 
the heating season, which gives a better mixing. Re- 
turn air is also used in other types of building some- 
times, in order to increase total flow and avoid stag- 
nation zones. One example is children's service homes. 

For the building engineer, on the other hand, mechani- 
cal ventilation is not a natural choice. He will pro- 
bably accept mechanical exhaust ventilation though, 
even if it is not required by the Building Code. But 
the supply system is often considered as "double" un- 
neccessary ducting. (Also the official regulations of 
loans for building have this attitude). Often refe- 
rence is given to the risk for overpressure and cony 



densation in the walls, although there are very fewindi- 
cations that there really should exist such a risk when 
the ventilation air flow rate is the stipulated one, 
controlling air humidity. Another argument is of course 
the possibilities to use a heat pump for heat recovery. 

In his Keynote Address to the 3rd AIC Conference, Mr. 
Billington pointed out that ventilation historically 
has been associated with heating : it aimed at removing 
smoke produced by fires. The fact that the smoke could 
be seen focused interest on its effective removal. The 
supply air, on the other hand, can not be seen. Also 
today removal of moisture and odours from kitchen and 
bathroom often are considered as the real purpose of 
the ventilation of dwellings neglecting other air qua- 
lity and air distribution aspects. The consequence of 
this is that the exhaust air is taken only in the kit- 
chen and the bathroom (in order to get as big removal 
flow rates as possible there) but also that the total 
exhaust air flow rate is controlled, not really the 
air exchange in the dwelling. Also this tradition is 
an argument for using only exhaust systems. 

If a tight house is provided with a mechanical exhaust 
ventflation system, special make up air openings are 
made in the walls. Of course these artificial air 
leakage openings mean better control than "naturalw 
leakage openings but they also give problems, especi- 
ally for comfort. A concentrated cold air flow en- 
tering a room is more likely to cause draught problems 
than the diffuse flow from many small openings. The 
make up air can be heated, by for instance placing the 
opening behind a radiator, but then the risk for freez- 
ing has to be dealt with. 

Another aspect is the quality of the air. It is easier 
to filter supply air than make up air, especially as 
effective filtering of make up air means that the in- 
door air pressure has to be decreased because of the 
necessary pressure loss. A supply system also means 
possibilities for cooling the supplied air, for in- 
stance. 

In practice make up air normally is not treated in any 
way, neither heated nor cleaned, which then is a sig- 
nificant difference in quality compared with supply 
air. Draught problems often cause th,e make up air 
opening to be closed, which of caurse considerally 
changes the planned ventilation, especially as. they 
are reopened only after long time. 



But which degree of control of the air exchange in the 
individual rooms in a dwelling is possible with a con- 
ventional exhaust system? This will be discussed in 
this paper and illustrated by means of simple examples. 
First, however, the means of expressing differences in 
the efficiency of systems to distribute air and remove 
contaminants will be defined. 

VENTILATION EFFICIENCY AND AIR EXCHANGE EFFICIENCY 

As mentioned in the introducticn ventilation has tra- 
ditionally been associated with removal of contaminants. 
The customary definition of v e n t i z a t i o n  e f f i c i e n c y  re- 
flects this fact as it is a measure of the systems abi- 
lity to remove contaminants emitted in the room. 

Figure 1 illustrates what happens when a contaminant 
is emitted. The mean ventilation efficiency < E >  for 
the room is defined as 

where Ce(m) = Steady state concentration of contami- 3 
nant in the exhaust air (kg/m ) 

<C(W)> = Steady state mean concentration of 
contaminant in the room (kg/m3 ) 

Cs = Concentration of contaminant in the 
supply or make up air (kg/m3) . 

<E> = 1 can be used as a reference value. Then the 
exhaust air has the same concentration of contaminants 
as the mean concentration in the room. This can hap- 
pen for instance if the contaminants and the room air 
are well mixed. < & >  < 1 indicates changes in 4C(m)> 
as C (-J) has a fix value, due to mass continuity. 
<E> gigger than 1 indicates cjood function, clean room 
air. 

It can be noticed that the size of the room has no di- 
rect influence on the ventilation efficiency, but on 
the length of the transient period before steady state 
is reached. It is natural to relate the air flow rate 
q to room value V. 

v 

where n = the specific air flow rate 

3 q = ventilation air flow rate(m /s) 

v = room volume (m3) 



3 The specific flow is often expressed in m /h/m3 or h-l 
and is then called "air changes per hour". The value 
n-l obviously indicates the time for one "air change", 
which time is called T ~ .  

C = q-0 
q aA 

T is a measure of the average residence time in the 
r8om of the air leaving the room that is the time bet- 
ween passing the supply device and passing the exhaust 
device. The average residence tige in-the room of the 
contaminants leaving the room T t '  can also be defined, see Sandberg (1983) . As r is the time in which an 
amount of contaminants cogresponding to the total con- 
tent in the room (corrected for Cs) is eshausted from 
the room, mass balances give (compare fig. 1): 

This gives 

supposed to be zero. 
Conc. 
C V is the volume of 

,, - Ca(0) the room (m3) in the 
emission rate of con- 

<C('> taminant (kg/s) and 
q the ventilation air 
flow rate (m3/s) ,Den- 
sity of air is sup- 
posed to be constant. 

0 
* t  

time 

Figure 1. Emission of 
a contaminant in a 

The mean ventilation efficiency <E> for the room 
can also be expressed as the ratio between thelmean 
residence times in the room of the exhaust air'and of 
the contaminant in the exhausted air. Big ventilation 
efficiency indicates rapid removal of contaminants. 

C = < C >  

v 
L 

room. The emission 
starts at time t=O. 
The concentrations 
are then zero because 
the concentration in 
the supplied air is 



Obviously the ventilation efficiency depends not only 
on the ventilation of the room but also on the loca- 
tion of the contaminant source. 

*n is the time it takes to remove an amount of air cor- responding to the volume V of the room. If in the time 
T all the air in the room shall be exchanged too the 
a h  must flow as a piston through the room, see fig. 2. 
This of course is impossible. 

Fig. 2. Piston flow of air 
through a room, with nomixing 
of "old air" and "new air". 
The "new air" is thought to 
be marked by means of tracer 
gas, starting at time t=O. 
At t=T all the "old air" is 
remove3. 

Piston flow is the upper limit, the most effective way 
of exchanging the air in the room. The concentration of 
"old air" is the maximal, loo%, until there is no more. 
Another popular reference case is "complete mixing". 
Then the concentration of "old air" is the same in all 
the room. This means that the location of the exhaust 
terminal device in this special case is unimportant. 
~t means also that the exchange of air is less effec- 
tive than for "piston flow" because all the t2me also 
some new air is exhausted. For "complete mixing" the 
exchange of air is described by the well-known equation: 

where <C(t) > is the concentration of "new 
air" in the room (and in the 
exhaust air) at the time t. 

In fig. 3 a graph of this equation is plotted and also 
a straight line showing how air is exchanged in the 
piston flow case. The curves also show the distribu- 
tions of residence time (in the room), that is the 
time from passing the supply device,for the room air 
in the two cases. For instance, after a time 
of the room air has a.residence time shorter t % an loo" T n 
for the piston flow case but only 63% for the "per- 
fect mixing" case. The area above the curves is a mea- 
sure of the mean residence time in the room <r> .For 
the case piston flow this area is A in Fig. 3 which 
gives 

Tn < >  = T ("Piston flow") 



F r a c t i o n  
" n e w  a i r "  

t i m e  

Fig .  3 .  Graphs i l l u -  
s t r a t i n g  t h e  exchange 
of  a i r  i n  a room f o r  
t h e  two c a s e s  " p i s t o n  
flow" and " p e r f e c t  
mixing".  

For " p e r f e c t  mixing" t h e  a r e a  i s  A + B i n  f i g .  3 .  This  
a r e a  can  be c a l c u l a t e d  by i n t e g r a t i n g  t h e  b a s i c  equa- 
t i o n  g i v e n  above: 

<T> = -c ( " p e r f e c t  mixing")  
n  

The smallest p o s s i b l e  v a l u e  f o r  t h e  mean r e s i d e n c e  
t ime f o r  t h e  room a i r  i s  ~ d 2 ,  which i s  v a l i d  f o r  p i s -  
t o n  f low,  The a i r  exchange e f f i c i e n c y ,  E , i s  d e f i n e d  
a s  t h e  r a t i o  between t h i s  minimum v a l u e  8nd t h e  v a l u e  
<T> f o r  t h e  case i n  c o n s i d e r a t i o n :  

" P e r f e c t  mixing" obvious ly  g i v e s  E = 0 , 5 .  
E < 0 , 5  means s h o r t - c i r c u l a t i n g  v s n t i l a t i o n  a i r  from 
t a e  supp ly  d e v i c e  t o  t h e  exhaus t  d e v i c e  and consequent  
s t a g n a t i o n  zones .ga > 0,5 rrteans tha t  there is a tendency 
towards p i s t o n  f low which i s  good. 

I f  'rn i s  known, t h a t  i s  t h e  v e n t i l a t i o n  f low r a t e  q  
and t h e  volume V ,  both  < E >  and E can be c a l c u l a t e d  
from c o n c e n t r a t i o n  measurements f n  t h e  t o t a l  exhaus t  
a i r  on ly .  

DIFFERENT VENTILATION SCHEMES 

I n  o r d e r  t o  compare some d i f f e r e n t  t y p e s  of v e n t i l a -  
t i o n  schemes, c a l c u l a t i o n s  of l o c a l  c o n c e n t r a t i o n s ,  
v e n t i l a t i o n  e f f i c i e n c y  and a i r  exchange e f f i c i e n c y  
have been made f o r  t h e  s imple  combinat ions  o f  t w o  
rooms shown i n  f i g .  4 .  " P e r f e c t  mixing" o f  a i r  and 
contaminant  has  been assumed w i t h i n  each room and 
t h e r e  i s  no c i r c u l a t i o n  of  a i r  between t h e  rooms. 
The e f f i c i e n c y  v a l u e s  a r e  v a l i d  f o r  t h e  t o t a l  sys -  
tem. The r e s u l t s  a r e  shown i n  f i g .  4 ,  t oo .  



Fig.4. Local concen- 
q / 2  q/2 trations, mean ven-- 

c,=o tilation efficiency 
C, =2C0 C~'c~ 

< E >  and mean air ex- 
C2=Co cZ'2Co change efficiency E, 

<c>=l <c>=l <c>=l for four different, 
ca=0.5 ~ ~ ~ 0 . 5  simple ventilation 

schemes and three 

C1=Co/2 c 1 = o  different contamina- 
C~'Co tion sources. "Per- 
C2=Co C2=3C~'Z C ~ = Z C ~  fect mixing" in each 

< c > =  1 <C>=l <C>=l room. fi - = Co, Cs=O. 
ca=O. 5 ca=O . 5  ta=0.5 q 

The two extreme cases are that the rooms are ventilated 
separately or in series. With the assumption made the 
first case will have efficiencies as a single room with 
perfect mixing. The other extreme case, the connection 
in series, has a tendency towards piston flow and gives 
better efficiency values. Also the maximum local con- 
centration that occurs is lower for this case. 

The two intermediate cases both have the same air ex- 
change efficiency as the first case, separate ventila- 
tion, and also the same maximum local concentration. 

The case with only one exhaust point has different 
ventilation efficiencies, though. when the contamina- 
tion emission is in one room only, illustrating the 
improved removal function when the exhaust air flow is 
big and close to the contamination source but also the 
deterioration when the contamination source is located 
so that the contamination is diluted by only part of the 
flow and the ventilation distributes the contamination 
to other rooms. 



The example indicates the wellknown and obvious rules 
for ventilation lay-out: 

o as much air as possible shall flow through 
each room, 

o all rooms shall have a supply or an exhaust 
air terminal device or be connected in series 
between rooms with such devices, 

o exhaust air terminal devices shall be located 
as close to the main contamination sources as 
possible. 

The limiting factors are 

- can contamination from one room be allowed to 
flow through another, 

- leakage for the outside, between rooms and 
circulation of air between rooms, 

- draught problems and noise. 

Other important functions are of course economy and 
practical construction problems. 

Fig ..S . Ventilation ef- 
ficiency < E > ,  air ex- 
change efficiency E a and local concentration 
for three ventilation 
schemes. Each room has 
a volume V/6 (V=total 
volume) .Contamination 

qf  4 
9 

< E > = 7 = 1  .29  emission ni/6 in each 
room. m/q = Co. 

q / 4  
2 7 c a S ~ = O  .64 



Another example i s  shown i n  f i g .  5 .  I t  i s  a c a s e  a l s o  
appea r ing  i n  t h e  nex t  s e c t i o n  of t h i s  paper .  

A s  t h e  t o t a l  volume i n  t h i s  example i s  d i v i d e d  i n t o  
six roamsinstead o f  two, t h e  "connec t ion  i n  s e r i e s "  
ca se ,  used  o n l y  f o r  r e f e r e n c e ,  r e s u l t s  i n  a b i g g e r  
va lue  o f  t h e  v e n t i l a t i o n  e f f i c i e n c y  <€>and  t h e  a i r  
exchange e f f i c i e n c y  E,. The r ea son  i s  t h a t  t h i s  c a s e  
is c l o s e r  t o  " p i s t o n  f low" as " p e r f e c t  mixing" i s  
assumed i n  each  room. I t  can a l s o  be  n o t i c e d  t h a t  f o r  
a l l  t h r e e  c a s e s  i n  f i g .  5 <E> i s  2 E,. This is a conse- 
quence o f  t h e  f a c t  t h a t  t h e  contamina t ion  s o u r c e s  
a r e  d i s t r i b u t e d  evenly  i n  t h e  b u i l d i n g ,  i n  t h i s  ex- 
ample. 

The case wi th  f o u r  supply  a i r  d e v i c e s  and one ex- 
h a u s t  a i r  d e v i c e  is  a normal scheme, f o r  i n s t a n c e  f o r  
mechanical  exhaus t  system. I t  has  a good e f f i c i e n c y  
i n  t h e  example, = 0,64. The r e s e r v e d ,  t h i r d ,  c a s e  
has t h e  same efficiencies b u t  a less f a v o u r a b l e  d i s -  
t r i b u t i o n  o f  l o c a l  c o n c e n t r a t i o n s .  

The examples i n d i c a t e  t h a t  schemes l i k e  t h e  second 
c a s e  i n  f i g .  5,  which are normal f o r  mechanical  ex- 
h a u s t  sys tems among o t h e r s  are good. I n  t h e  n e x t  sec-  
t i o n  t h e i r  p o s s i b i l i t i e s  t o  work as planned w i l l  be 
d i s c u s s e d .  

INFLUENCE OF STACK EFFECT AND WIND 

Cons ider  a b u i l d i n g  w i t h  a mechanical  exhaus t  system, 
f i g .  6 .  

F ig .  6 .  V e n t i l a t i o n  scheme 
f o r  a b u i l d i n g .  The exhaus t  
a i r  f low isfixed,qe. The 
wind v e l o c i t y  i s  u ( m / s )  
and t h e  h e i g h t  d i f g e r e n c e  
between t h e  openings  h ( m )  . 

The openings  i n  t h e  w a l l  i n d i c a t e d  i n  t h e  f i g u r e  a r e  
assumed t o  r e p r e s e n t  bo th  make up a i r  openings  and t h e  
l eakages .  Flow r e s i s t a n c e s  w i t h i n  t h e  b u i l d i n g  are neg- 
l e c t e d .  The exhaus t  a i r  f low isfixed. The a i r  f low when 
t h e  system i s  in f luenced  by wind p r e s s u r e  and s t a c k  e f -  
f e c t  h a s  been c a l c u l a t e d  by E the r idge  and Sandberg 
(1984) .  According t o  them t h e  f low depends on t h e  num- 
be r  



where 
3 

Po = density of outside air (kg/m ) 

Ap = difference of densit between outdoor 3 and indoor air (kg/m ) 

2 
g = acceleration due to gravity (m/s ) 

h = height difference between openings (m) 

u = wind speed at reference point (m/s) 
R 

A is a measure of the ratio between buoyant forces 
afid wind forces. But the pressure difference acting 
across the building also depends on the form of the 
building and of the surroundings. This can be express- 
ed by means of the difference between the pressure 
coefficients on the wind side and on the leeward side, 
ACp. Etheridgeand Sandberg consequently have expressed 
the flow as a function of 

AC normally has values in the interval 
P 

In table 1 values are given'for ACp/Ar for different 
wind speeds u for an indoor temperature of 21°c and R an outdoor temperature of ~ O C  which is the yearly mean 
temperaturefor Stockholm. The height h is 3 m. 

Table 1: Values of ACp/A, for an outdoor temperature 
of 60CI h = 3 m. 

The flow through each opening is first supposed to 
vary as 

q = 0,009 " Sl?r7 
P (rn3/s 

where A = pressure difference across the opening 
P (Pa). 



This gives a total flow through the four openings of 
900m3/h when Ap = 50 Pa, which is the standard for 
leakage tests. If the volume of the building is 300 m 
this flow corresponds to 3 air changes per hour, which 
is the maximum value stipulated for small buildings in 
the Swedish Building Code for leakage. As this value 
in our example includes also the flow through the make 
up air openings, the building is tighter than required. 

In this example it is assumed that the openings dis- 
charge coefficients are 1. 

Fig. 7 shows different flow configurations and the 
values of AC /A, when the change occurs for a f i x e d  
exhaust air Plow rate corresponding to 0,5 air changes 
per hour. When the change occurs the resulting air 
flow in the room, where the flow changes direction, 
obviously is zero. A comparison with table 1 shows 
that the firstchange is at a low value of bCp/Ar valid 
for small wind velocities, which are normal and fre- 
quent. Compare fig. 8. If AC is big also the second 
change occurs at low and f retuent wind velocities. 
Note that table 1 is valid for the yearly mean out- 
door temperature, +60C, and not for an extreme case, 

Fig. 7. Different flcw configurations for a mechanical 
exhaust system. The total volume of the build- 
ing is 300 m3 and the f i x e d  exhaust air flow 

qe = 150 m3/h. 



.oI ',,ka~ a r e a ,  4. 

Fig. 8. Wind velocity 
in Stockholm at a 
height of 10 m in a 
free field and reduced 
to 4 m and rural area. 

If the building is tighter , say corresponding to a 
total flow at 50 Pa of 2 air changes instead of three 
(including the flow through the make up air openings), 
the first change will occur at AC /Ar z 6. Also this 
value corresponds to frequent wing velocities, if AC 
is not small. A total tightness value of 1 air chang& 
per hour at A = 50 Pa gives the first change at 
A C ~ / A ~  - 20. !?t is evident from table 1 and fig. 8 
that also this value is within the normal intervals 
although it will not occur frequently. 

Consider again the first discussed case, corresponding 
to a total air change of 3 air changes per hour at 
50 Pa. At an outdoor temperature of about -200C and no 
wind all the exhaust air will enter through the two 
lower openings. This is because of the buoyant force. 
This does not only give bad ventilation but also 
draught problems. 

The example indicates that in order to control the ex- 
haust ventilation very tight buildings with small make 
up air openings are required. In reality for instance 
the turbulent nature of the pressure fluctuations and 
thermal connection improves the exchange of air. The 
tendency is correct, however. Experiments made at the 
National Swedish Institute for Building Research indi- 
cate that mechanical exhaust systems start to function 
properly only when the leakage at a pressure difference 
of 50 is smaller than 1 air change per hour (with the 
make up air openings closed), that is the building 
must be very tight. 



LEAKAGE OF INDOOR AIR 

AS mentioned in the introduction, there is in Sweden 
much consideration about the risk for condensation in 
the walls. Mechanical exhaust systems are considered 
safer, from this point of view, than supply and ex- 
haust systems. In this section a comparison between 
different systems will be made concerning their abili- 
ty to avoid leakage out from the building of indoor 
air. 

As an example consider the simple scheme according to 
fig, 9. 

Fig. 9. The ventilation 
M scheme for mechanical 

-b exhaust. 

The volume of each room is 36 m', The exhaust air 
flow rate is f i x e d  and 36 m3/h, that is 0,01 m3/s. In 
order to get the room connected in series the make up 
air opening M, the transfer air opening T (including 
leakage) and the leakages a and b, are concen- 
trated only to the walls according to fig. 9. The to- 
tal leakage a + b corresponds to 1 airchange per 
hour at Ap = 50 Pa. The flow rates are calculated from 
the appropriate.pressure difference (in Pa) as shown 
below. At a pressure difference of 50 Pa 2 q~ is equal 
to 1 air change per hour and qa + qb is also equal to 
1 air change. 

The wind pressure coefficient for the building is 
AC = 0,7 which is in the middle of the interval men- 
tiBned in the preceding section. 

Fig.. 10 shows the leakage flow. Note that it is defined 
positive inward and that it is given in m3/h. The flows 
have been calculated for different wind velocities and 



the durations have been calculated from fig, 8, the 
lower curve. As can be seen from fig, 10, there will 
be a flow out of indoor air 12 % of the time. This is 
of course a little misleading as the wind is not blow- 
ing perpendicular to the building all the time. How- 
ever for a detached house there will always be one 
windside and one leeward side. What the graph indi- 
cates is that there is a risk for outflow somewhere 
in the building 12 % (or s little bit less) of the 
time. 

Fig. 11 shows results when there also is a f i x e d  supply 
air flow, 90 % or 70 % of the exhaust air flow. For 
this case there are not make up air openings in the 
walls, only leaks. As can be seen there is a con- 
siderable reduction of outflow when the supply air 
rate is reduced. For the reduced air flow rate outflow 
has a duration of 30 % which is about three times the 
time compared with the example for the exhaust system, 
see fig. 10. 

( % I  Duration 
l o o  1 

y a i r  
'0% 

Fig. 10. Leakage air 
flow on the leeward 
side for a mechanical 
exhaust system. 

Fig. 11. Leakage air 
flow on the leeward 
side for a mechanical 
supply and exhaust 
system. The supplied 
air flow is f i xed ,  as 
is the exhaust air 
flow. Calculations 
are made for two 
cases, supplied air 
flow rate 90 3 and 
70 % of the exhaust 
air flow rate. 



Fig. 12. Leakage air flows on the leeward side for 
a mechanical supply and exhaust air system. 
The supply air flow rate is fixedbut the ex- 
haust air system is of low pressure type. 

Fig. 12 shown only for discussion. It is calculated 
for an extreme low velocity and low pressure exhaust 
system, which is supposed always to work against the 
leeward side pressure at its outside opening. The 
pressure loss in the exhaust ducting is 

A = 40 000 - q 
P 

(Pa) 

The pressure loss at nominal flow is 10 Pa. The para- 
meter Ap in fig. 12 refers to the fan pressure which 
is very low. When the fan pressure is increased from 
10 Pa to 15 Pa a negative pressure is created inside 
the building which counteracts outflow (the fan curve 
is supposed to be straight, giving the same pressure 
independent of the flow). If for instance a heat re- 
covery system is used the pressure loss in the duct 
system will be too big. A similar effect could then 
be achieved by using a variable fan and control the 
pressure difference. 

Fig. 11 shows that a considerable reduction of outflow 
can be achieved by using a supply air flow rate lower 
than the exhaust air flow rate. In order to maintain 
this advantage it is necessary to clean the exhaust 
ductwork regularly. Swedish experience is that reduc- 
tions of about 50 % (of the flow) may happen within 
one year. 



The example indicates that the exhaust system in a 
tight house and with small make up air openings can 
give a small duration of outflow of indoor air. The 
supply and exhaust system have a bigger outflow al- 
though a considerable reduction is achieved by re- 
ducing the supply air flow rate which is customary to 
do in Sweden. 

CONCLUSIONS 

In order to have good ventilation each room in a 
dwelling must have a controlled air exchange. This is 
not possible to get with a mechanical exhaust system 
unless the building is very tight. The outflow of in- 
door air is bigger with a supply and exhaust system 
than with an exhaust system. A considerable reduction 
is achieved, however, if the supply air flow rate is 
reduced 
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