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Quantitative Estimate of the Accuracy of
aèer Gas Methods for the Determination

of the Ventilation Flow Rate in Buildings

lri¡in'

MATS SANDBERG{'
CLAES BLOMQVIST'|'

The paper presents aquantítdtlue estimate olthe eÛor ofthe dçcay and.constant concentrationmethod.
A number oftestswere carrieil o¡4t in anin¿loor testhouse located ín the laboratory hall at the National
Swedish Institute lor Building Research. At the beginning of the paper the reletont meaning of the
concept'air-exchçnge rats' ls dlsçussed and an appropriate terminology is suggested. T henfollows a

presentation otthe theo¡etiçqlbackgrounil, based on amultpcell model, ol the two tracer gas methods
stuilieil experimentally. Finally, the results obtained are given. Apartfrom the accuracy of the ffacer
gasmerhods,someresults ofstudies ofthe efect ontheinfiltrationrate dueto diferent operationmodes
of mechanical oentilation syslems are also presented.
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NOMENCLATURE

total area oftþe building çnvelope
generic symbol for conççnt¡ation
equilibrium concentration
target concontration
column vector consisting of call (room)
concentratrons
matrix exponential
columq matrix whose elements all are unity
constqr¡tÐ for proportional, integral and derivation
compensation, ¡espoctively
column vector consisting of injected flow rates of
tracet gas into all the cells
number of tests, or number of rgçordcd
concentrations
specifrc flow rate of outdoor aft (n : qtln
f,ow matrix whose entries are flow rates between
cclls (rooms)
tçtal flow rate of air
nominal total flow rate of air
measured flow rate of air
mixing flow rate
parameter in transfet functions
total volume of system (building or room)
diagonal matrix wåose entries are the coll volumes.

Other symbols
( ) Moan in the whole system (building or room)

( )n Mean of conditions occurring in four rooms (living
room, bedroom, kitchen, and hall).

INTRODUCTION

KNOWLEDGE of thc total flow rate of air is often the

missing link in energy balances of buildings. We potsess

different experimental procedures, based on tracer gae, for
determining the total flow rate. Examples of methods in
use are: dccay mcthod, constant concantration and
constant flow, Howevçr, very little is known about their
accuracy in multi-cell applications. This is probably
because determination of their acçuracy requires an

independent and accurate knowledge ofthe flow rate. In
the literature there are some repo¡ts on the accuracy.
Hitchin and Wilson [1] in a survey article, cstim¿ted that
the accuracy of the decay method should be about I5/".
Sherman et al. l2f presented a qualitative error analysis
of different experimental procedures. Sandberg and

Fracastoro [3] have, based on measurements in a two-
room indoor test house, made quantitative estimates of the

accuracy ofthe decay method. They found the accuracy in
an empty house to be about 10)(.

TERMINOLOGY

We will make a distinction between thc total ûow ratc
of outdoor air entering a house, and the inûltr¿tioo.
Infiltration is the difference between the tot¿l flow r¡te of
outdoor air entering a house and the flow rate ofoutdoor
air províded by a mechanical ventilation system-

The nominal time constant, r., of a ventilation s1ætem is
defrned as:

,-:! (r)'nv

q'

4"
Q^

Qø,
s

V
v

Greek symbols
,l exponent of the concentration decay curve at

exponential decay
AP pressuto dillerence
ÂP. equivalont pressure difference

^T 
tcnpcrãture differencc

LT" equivalent temperature
a standard deviation
t- mean age of air
í, replacement timc for room air

r.¡ time constant for mixing of 'released gas (t-.
_ vlq^,)

ro nominal time con8tant (t^ : Y lq')
ì t-matrix in the mass balance equation (r : Q - 

1V).

*The National Swedish Institute for Building Research, Gävle,
Sweden.
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where

q. : total flow rate ofoutdoor air entering the houseV : total volume.

i- _ i. /__\ 
(2)

where

(Ð : mean age of the air in the room.
The reciprocal of the nominal time constant

al
t:!-:1¡-'-î-'/"" (3)
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each cell. We define a r_matrix as:

r = e-ly Ø)
where

V : diagonal matrix of cell volumes.

The sum ofthe elements in an arbitrary row, say row No.p, is equal to the mean age, ip,of the air in cåU p.
The mass balance equatioi becomes:

"#*": e-,¡ir (5)

where

C : column vector consisting ofcell concentrationsrh : column vector consistinã of ini..i.Jïow rates oftracer gas in the cells.

-. 
The decay from a given initial concentrationdistribution C(0) is governed by:

c(1): c(0þ_f_,, (6)
where

? . : lnverse of the r_matrix.
With continuous injection the equilibrium concentra_tion, C(oo), attained ilgoverned ¡yl 

-----^'-"' -

C(co) = e_ trir. (7)

,-.1,.:o*.0,..,. mixing the system of equation (5) is turnedlnto the single equation:

"'J-*¿:!dr -" :4,' (8)

The decay method
The tracer decay method is by far the most widely usedmethod for measuring the total no* ,ut, oiìir. Eventhough this method is well known uo¿.*i.o.iJ.ty usedthroughout the world, we will t... on.. 

"gìir, 
,..,rtinir"the. basic assumptions behind the ã.riîä"à"a ,t"limitations of it.

Tracer gas is released into the space. Mixing fans are
eof
the
gas

C(r) : ç19¡ r-'t,". (9)
The decay follows a simple exponential with theexponent equal to 1/r^. This method therefore, gives theratio of the total flow rate to the building uolu*ä,îH.f, i,used in turn to calculare the.tot¿ n"*."ti uvåiììiplvingit

by the volume of the building -' "'"'":
. However, the occurrence offurniture and cupboards willdiminish the ventilated volume,. i"rr,r,"ì-rä""ä-" 

"rthe building.
In that case, the method gives the ratio ofthe total flowrate to the active volume. The active *f".. ir-¿iË""ft ameasure and must be estimated. e nutu.ui"iã., i. ,o ,r,the active volume equal to tf,. uolun. oi,fr" i"ìni"r.However, this is a source ofe..o. *t;;;;;ì*ii * a,more or less unknown.
A second error that occurs is that we do not achieve

A multi-cell moilel

flow rates of air between the rooms (cells). The sum of the
elements in a row (say No. i) of e is eiuaiío af,"-nJ*.ur" oioutdoor air entering cell i. In 

"n 
un"togou, _"in..it . ,urn

of all elements in a column þay No. j of qlrìq-uul ,o ,f,"total flow rate of air transferred direïtly ùm tie cell; tooutdoors. By assuming that there 
"r. 

no ,o,"UV iìohted
cells, we can conclude that the no* matrix 

-[ 
i, non_singular, and therefore that the inverse e:l-oÈti" no*matrix always exists. The reciproc"f oi th. ji"gon"f

elements in Q are the local net floi rates otouøoo. 
"i. 

ln

-""ã
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mixing. The concentration decay is then

the matrix equation (6) above.

lin-log plot of the concentration vs time, we then

a graph which is curved at the beginning, but after a

tinc period becomes a straight line. The straight

of the graph is called the exponential part. The
of the exponential part we denote by ,1. In
[5] it was shown that the following relation

Accuracy of Tracer Gas Methods

Fig. 1. Block diagrarn of thc constant concentration method.

t4l

cm

(10)

r-o = mean age in cell No. p.

is to say, the magnitude of the reciprocal of the
of the exponential part lies between the smallest
age ofair occurring in any cell, and the largest mean

of air occurring in any cell. This demonstrates that the
reflects the average conditions occurring in the
and not the local ones.

This is of great practical importance for the decay
because, as we will see further on, it is difficult to

complete mixing in a whole building. Although we
mixing fans, the mean age of the air will be

from room to room. In those rooms where the air
the mean age of the air will be less than the nominal

constant, rn. In other rooms, the mean age will be
than the nominal time constant, However, the

will reflect the mean lor the whole building.
if the mean value for the whole building is close

lhc nominal time constant, then we can expect the
ofthe slope to give quite an accurate estimate of

nominal time constant.

THE CONSTANT CONCENTRATTON
METHOD

lhc constant concentration method, the release of gas
each ¡oom is controlled in such a way that the

is kept constant (: the target concen-
If we denote the target concentration by C,, then

concentration can be expressed as

C(æ):9,.¡ (1 1)

- column vector whose elements are unity.
inscrting equation (1 l) into equation (7) the latter

can be rearranged as:

q.l:1,i,. (tz)
C,

The LHS in equation (12) is a vector consisting of the
row sums of the elements in the flow matrix e. Each row
sum is, as we know from the discussion above, equal to the
flow rate of outdoor air entering the cell with the same
number as the row number, Therefore, the flow rate of
outdoor air to cell No. i, q,, predicted by the method, is
given by:

sl,: d^' (13)

where

mr : release rate of gas into cell No. i.

A block diagram of a system with a negative unir
feedback for controlling the concentration in each cell
(room) is shown in Fig. 1. The control system ha^s
proportional (K*), integral (K,), and derivative (K¡,¡

-compensation. The transfer function for each part of the
system is given in the figure. The controlled system has two
time constants. First we have the time constant, r.,,for the
mixing of the tracer gas within the room.

V
-ñf

4^,
(at

where

4-,: internal flow rate created by the mixing fans plus
other internal sources.

The flow rate set up by a small mixing fan (electricaj
power 35 W) can be estimated to lie in the range 1000-200r;
m3 h- 1. This will give rise to a time constant for mixing in
the range 0.5-3 min.

The second time constant is the nominal time constanr
for the ventilation, rn, which is based on the flow rate of
outdoor air entering the system. For dwellings, the
nominal time constant lies in the range 1-4 h.

DESCRIPTION OF TEST HOUSE AI\-D
EXPERIMENTAL METHOD

All the tests reported in this article were carried out in the
test house shown in Fig. 2. The house is located in the
laboratory hall at the Institute. The house has frve,rooms,
a total volume ol 175.7 m3, and the floor area is i0.2 m2.
One short wall of the house consists of the existing south

minÇ(|<-a*r;
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(a)

(b)

F.ig.2. The test house.
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wall of the laboratorY he

opposite end of the.ho he

ai'r'temperature in this C'

Both above and below each internal door there are

adjustable gaps. The air movement in the doorways is

shown by releasing smoke. To enable inspection from

outside there are several strips of glass in the building
envelope. The house is heated by electric radiators, or by
heating the supplied ventilation air. Pressurization of the

house to 50 Pa pressure dilference gave rise to a specific

flow rate of 0.8 house volumes h-1 through the building
envelope,

The following quantities were monitored in each room:

O Room air temperature at 0.2 m above the floor and 0.2 m
below the ceiling.

O The pressure (relative to the laboratory hall) in the

middle of the room.
O Gas concentration in the middle of the room.

Tracer gas was released in each room directly into the air
stream created by the mixing fan. The temperature in the

laboratory hall and the outdoor temperature was

continuously monitored. The pressure difference between

outdoors and the laboratory hall was also recorded. The

measuring and control sequence was as follows:

1. Temperature.
2. Pressure.

3. Constant concentration method.
4. Decayofconcentration.
5. A repeat measurement of temperature and pressure.

The whole sequence was controlled by a computer
which also starts and stops the mixing fans. In the tests

reported here the mixing fans were running during the

constant concentration mode and during the decay. From
the temperature measurements an equivalent temperature
difference across the building envelope is calculated as:

- /,s,\

^?: 
: I177 tot;t (1s)

where

A?j : temperature difference across surface No. i of the

building envelope
Aí : area of surface No. d of the building envelope

A : total area ofthe building envelope.

In an analogous manner an equivalent pressure

difference ÂP" is calculated. In the constant concentration
mode the target concentration, C,, is equal to 50 ppm. The
concentration in each roor4 is sampled at a time interval oI
120 s. The measured concentration is compared with the
target concentration and, if necessary to maintain the
target, a calculated amount of gas is injected in a short
burst. For each room, the amount of gas injected is

summed over a time interval of 30 min. The predicted flow
rate of outdoor air to each room is calculated lrom
equation (13). From the concentrations recorded during
the decay, the mean age ofair in each room is calculated by
taking the total area under the curve and dividing it by the
initial concentration.

Furthermore, the exponent iir the exponential decay
part ofthe curve is obtained by a least-square ñt. The tests
werc carried out at three different nominal total flow rates

4l: low (48 m3 h-r), medium (94 m3 h-1), and high
(242 m3 h - 1). The flow rates in the ducts were measured by
orifice plates. The corresponding specific flow rates, n, ex-
pressed in house volumes h-1 were 0.28, 0.54 and 1.38,

respectively. The air was always extracted from the kitchen
(about 55/" of the total), and the bathroom. When the

extract system was in operation two 1(X)-mm-diameter

intake holes in the ceiling were opened. One intake was in
the living room ceiling, and the other intake was in the

bedroom ceiling; see plan of house in Fig. 2; When the

balanced system was in operation the air was supplied to
the living room and the bedroom. The points of supply are

indicated as mechanical supply in Fig. 2.

RESULTS

The decay methoil
The basic idea behind the decay method is to create

completemixingthroughout the whole house. To seeif this

condition could be met, repeated tests with different
numbers of mixing fans in operation were carried out. The
total number of mixing fans in operation were two, six and

10, respectively. With only two fans in operation, one was

placed in the living-room and the other in the bedroom.

With six fans in operation, two were placed in the living-
room and one in each of the other rooms. Finally, with a
total of 10 fans in operation three were placed in the living-
room, one in the bathroom, and two fans in each of the

remaining three rooms. During the tests the door to the

bathroom was closed, as is usually the case in field trials,
while the other internal doors were open.

The average age o[ the air, (f)n, in the living-room,
bedroom, kitchen and hall, was obtained by taking the

arithmetic mean of the mean age recorded in each

individual room. In an analogous manner an arithmetic
mean (ll7)n was calculated of the reciprocal, 1/,I, of the

slope of the decay curve. The standard deviation of the

mean age, o¡ and the reciprocal of the slope lor these four
rooms is presented in Table 1, and Figs. 3 and 4. We

observe that complete mixing is not created.

The variation in mean age between the rooms is quite

large, while for the reciprocal of the slope the variation is

smaller. With increased flow rate the variations diminish.
This is due to the increased mixing induced by the supplied
flow rate itself. The opening areas ofthe supply air registers

of the balanced system, and of the intakes of the extract
system, are kept constant. Subsequently the momentum
flow is increased as the flow rate is increased. By comparing

Table 1. The standard deviation ørofthe mean age ofair and the
standard deviation ør,. of the reciprocal of the slope

Balanced system
o7 orì

Specific flow rate
(house volumes h- t)

Extract system
o7 o tlt

n:0.28

n:0.54

r : 1.38

24%
N:7

14%
N:7
r0%

N:7
r6%

N :21

13%
N:7

8%
N:7

6%
N:7

e%
N :21

24%
N:4

24%
N:4

t4%
N:4

21%
N :12

8%
N:4

e%
N:4

3%
N:4

10/

N :12
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the balanced and the extract system, we observe that weobtain Iarger variations, at the same n"*,"r.,'*ien ,fr"
.ld_11*9.'r.1g'n is in operation. wirh rh;;"-ñärr,.-
m operation the supply ofair is concentra,.¿ i" i*ä poi"r,only, while with the extract system in operatìon if,.-rrpp¡vof air is more spread out.

_ The accuracy of the decay method is given in Table 2.
l::Tr the 

.extract system, contrary to the balancedsystems, maintains a constant flow rate free fromdisturbances, the estimate of trr" 
"..or".y 

iJUL.îon ,rra,with only the extract system in operation.-
r wo measuring strategies have been explored. The first

x : two mixing tons, o = six mixing fons, a: ten mixing fons
Fig' 3' Measured'teciprocat,l/t' or*r"rrç,o;rl"rlr".ifä:.rlij:rates 

(house volumesh -,): L (n : Q.!r),

Table 2. The estimated accuracy obtained f¡om

Decay method
(UA)n-t" 

*u* [(t/,1-r,)]
t¡ t¡

8%
N:7

14%
N:7

tt%
N =7
u!.6%

N :21
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is based on the arithmetic mean of the reciprocal of the

slope obtained from the living-room, bedroom, kitchen

and the hall. The second measuring stiategy is a'worst
case' situation, based on measurements from one room

only. The room with the greatest deviation from the

nominal time constant has been selected in each test. The

accuracy of the method based on data from four rooms is

103+6.2Y.while with data from one room only and the

'worst case' situation the accuracy is 16.2*6-8/'. These

fi trom a total of21 tests. It should

a ese accuracies onlY hold for the

¿ the total flow rate. To determine

the total flow rate we must also determine the active

volume. This is an extra source of error that will give an

accuracy for the total flow rate which is poorer than the

figures above.

M

The evaluation of the frrst point above is presented in

Table2.The conditions during the tests were the same as

when the accuracy of the decay method was determined'

All internal doors were open except the door to the

bathroom. Based on a totalnumber of 2l tests the accuracy

obtained is 6.0+3.2%. Three tests with all internal doors

closed were also carried out' Then the accuracy improved

and became 1o/o.

When it comes to the second point above (i.e' the

distribution of the air entering the house) it is more difficult

to evaluate the accuracy. Examples of predictions of the

distribution of the incoming air to individual ¡ooms from

runs with the balanced system are presented in Fig. 5, and

from runs with the extract system in operation in Fig' 6. In
Figs. 5 and 6 the left-hand columns are from tests with 4ll

internal doors open, while the right-hand columns are from

tests with ¿ll internal doors c/os¿d. The horizontal line of

short dashes in each of the figures indicates the ratio

between the predicted total flow rate and the total nominal

flow rate.

Due to the location of the supply registers of the

balanced system, and the location ofthe openings when the

extract system was in operation, we know that the bulk of
air enters the living-room and the bedroom. However,

from the results obtained for the open-door case' we see

that quite a large inflow of outdoor air into the hall is

n
Flow rote

X

lvl H

X = two mixing f ons, o = six miiing tons, o = ten mixing tons

Fig. 4. Measured mean age of air, r-. Flow rates (house volumes h- r) 
: L (n : 0.28)' M (n : 0.54)' H (n : 1.38).

The constant concentr ltion metho¿l

The advantages of the more expensive constant

concentration method are claimed to be as follows:

-The prediction ofthe totalflowrate with ahigh degree of

accuracy.

-The prediction of the flow rate of air entering each

separate room.

-The prediction of the time-dependent flow rate of air'
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predicted. What happens is that a part of the air that enters
the living-room and the bedroom no*. Oir..ìty io*urd,the hall. This inflow of air into tn. traä-îom tfreneighbouring rooms is predicted as direct inào* otoutdoor air into the hall. Therefore it *. ui_ 

"t 
ìo.uting

which rooms the outdoor air first .rrtrr. *" ãà noì o¡t"in
the correct information. On the other hand iiw" ár" _o..
concerned about the air quality it is perhaps wrong toclaim that the method does not pådi"t'th.'-.o....t
distribution of incoming outdoor ui.. fn .plt.-o} the fact
that the outdoor air ûrst comes to the living-¡som and the
bedroom, it is more or less .unused' oot¿oå 

"iii¡"-, Ao*.
towards the hall. Or to put it another way, there is a certain
ambiguity in deûning whar is incomingliesh outJoor air.
When all the internal doors are closed the situation is
clearer, and,as seen in Fig.5 for the predicteJdir-triiotion,
is close to the correct one.

:

Figure 7 shows the response of the method to a step
change in the total flow rate. The ventilation ,y.t.- in
operation is an extract system.

The predicted value cånstitutes an average over a timeperiod of0.5 h. With no integralcontrol we oËt"inurtruOy_
state error. By adding an integration term to thelcontrol
algorithm the steady-state error disappears. Uo**., *"still have quite large oscillation, 

".ooni 
tfr. **l.t 

""f*.By.finally adding a derivation term rhe preãi"iJïà*.",.
quite neatly follows the srep change. fio*rì.r¡lìut., 

"time period of approx. 1.5 À to risã to tt¡e nnai Âoi ,",..This demonsrrates that the method l. too J-åîtol..Oi"t
fast changes in total flow rates occurring when, forexample, a window is opene l. -

The instantaneous concentrations were measured
during the step changes in total flow rates. ,li,*"-pf. ofthe recorded concentrations are shown in fig.-g-. TaUle I
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Table 3. Mean concentration in ppm and standard deviation in each room during the step
changes in total flow rates presented in Fig. 7
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50.3 + 1.2

49.9+2.0

50.0 + 2.3

49.9+t.3

50.0+ 1.4

s0.0t 1.4

50.0 + 0.7

50.1 + 1.0

50.5 + 1.2

50.0+0.6

\

I

h otl

+

ot

h
ot ì

+



t48 M. Sandberg an¿l C. Blomquist
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gives the mean concentration and the standard deviation
fol the three cases in Fig. 7. The mean concentrations in
each room in case 3 are close to the target concentration of
50 ppm.

The efect on the inrthration rate due to ilffirent operation
moiles of mechanical oentilation

The tests reported in Figs. 5 and 6 give insight into the
eflect on the infiltration rate due to the pressurization of
individual rooms and whole house by mechanical
ventilation. In each test the pressure drop across the
building envelope was monitored before and after the test.
Tables 4 and 5 givefor the cases reported in Figs. 5 and ó the

100100

l|

KP = o'05

K t = o'ool

*o=o

__ t'lechonicot- flow rqte

_____ Pred¡cted- ttow rote

Time I tr ]

\l
'j50

0
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0
678
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K^:0.05
I
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____- Predicted- flow rqte

TimeIh]

Fig. 7. The constant concentration method. Response to step changes in total flow rate.

'100

50

monitored pressure drop (in Pa) between each room anc
the laboratory hall.

Infiltration should be reduced by greater pressurizatior
of individual rooms or the whole house. If we compare
Figs. 5 and 6 we see that the extract system, as expected.
gave rise to a systematically lower infiltration rate than the
balanced system. For both systems we observe that the
inûltration rate is lower when the interval doors are closed
compared to when the internal doors are open. It should be
stressed that in these tests the balanced system \ryas run
with an exact balance between the supplied flow rate and
the extract flow rate. In practice, the systems are run with a
slight underbalance in the sense that more air is
mechanically extracted than is mechanically supplied.
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Fig. 8. The constant concentration method. Recorded instantaneous concentrations during a step change in
total flow rate.
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Table 4. Extract system. pressure

n:0.28
AII internal All internal
doors open doors closed

drop (Pa) between each

n :0.54
All internal All internal
doors open doors closed

¡oom and the laboratory hall

n : 1.38
All internal All internal
doors open doors closedSpecific flow rate

(house volumes h-t)

Living-room
Hall

Bedroom
Kitchen

Bath¡oom

Before After Before After Before After Befo¡e After Before After Before After

-1.2
- 1.1

- 1.0

- 1.0

- t.4

-0.9
- 1.0

- 1.0
0.9

- 1.1

-0.8
- 1.8

- 1.4

-))
-2.5

- 1.0

- 1.9

- 1.6

-2.4
-2.7

-3.4
- 3.1

- 3.3

-2.8
- 3.1

- 3.3

-3.2
-3.2
- 3.1

-3.2

-2.2
-4.9
-4.0
-6.7
-7.0

-2.2
-4.4
-3.7
- 6.1

-6.4

- 14.5

-t4.4
-t4.1
-14.7
-14.9

- 14.8

- 14.6

-14.7
-r4.7
-14.7

- 9.8

- 20.8

- 18.1

-30.2
-27.5

- 10.2

-21.2
- r8.2

- 30.8

-28.0

Table 5. Balanced system. pressure

n:0.28
All internal All internal
doors open doors closed

drop (Pa) between each

n:0.54
All internal All internal
doors open doors closed

room and the laboratory hall

n : 1.38
All internal All internal
doors open doors closedSpecific flow rate

(house volumes h- r)

Living-room
Hatl

Bedroom
Kitchen

Bathroom

0.0 2.3 2.20.0 0.9 0..10.r 1.1 1.00.1 0.2 0.20.0 -0.2 0.0

Before After Before After Before After Before After Before After Before After
1.1

1.1

1.2

1.3

1.2

r.4
1.3

1.5

1.6
1.3

2.0
2.0
2.0
2.1

2.0

4.1

0.6
1.3

- 1.3

-0.7

2.5
2.7
2.8
3.0
2.9

t6.2
0.8
3.0

-9.2
- 5.7

16.5
1.3

3.5

- 8.5

-4.6

3.1

2.7
3.0
3.0
2.8

CONCLUSIONS

Tests were carried out in an unoccupied and unheated
five-room indoor test house with no firniture. ny using
two, six and 10 desk fans, respectively in no case did we
achieve complete mixing in the house. The standard
devialion of the mean age of air between rooms a;ounted
to24\atthelowest flow rate, while at the highest flowrate
the standard dèviarion was reduced to tO7. ilis reãuctlonat the highest ffow rate is caused by the increased
momentum flow of the supply air. The variation from
room to_ room in the exponent of the exponential decay
curves shows less variation than the vaiiation in mean
age.This is so because the exponent reflects an average
value ofthe decay rate for the whole house. T.n -i*ing fun,did not prove to be better than using onfy 

-rl* 
funr.

Therefore as a rule ol thumb for an ordirary iour., ,*o
mixing fans in the largest room and one in each ofthe other
rooms would seem to be sufficient.

In the case of the decay method two measuring strategìes
were explored. By taking the mean value of the siãpe in four

rooms the accuracy obtained was l1*6f. Based on
measurements in one room only, and a ,worst 

case
situation', i.e. the room with the larlest deviation irom thetrue value, the estimated accuracy was 16*7/". The
accuracy of the decay method refers to the rati,o úetween
estimated volume of the test house and the total flãw rate.
We can expect the accuracy of the decay À.no¿ inpredicting the total flow in an occupied hous. to b" foor.r.Based on a total ol 2l repeated tãsts, the accuracv of the
constant concentration method in predicting the toial flow
was found to b e 6I3/".When all internal doã., u.. .lor.d,
the.flow rate to each separate room is predicted with a
similar accuracy.
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