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ÀIR EXCHANGE EFFICIENCY IN RESIDENTIAL AND OFFICE BUILDINGS
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ABSTRÀCT

The paper presents the results of field measurements of the air
exchänge efficiency in various buÍIdings. The measurements $tere
iarrteá out with a tracer gas technique and a decay method ín 9

offfce and 16 residentlal buildings. There vrere L4 dLfferent
alr distribution systems. The average air exchange efficiency
varied between 36 t and 57 t in office buildíngs and between 34
r¡ and 50 I in dwetlÍngs. The short cÍrcuitlng of air between
the supply and exhaust grill lowered the efficiency most often
ln the office bufldi-ngs. The híghest efficiencies $¡ere measured
¡rhen the supply and exhaust devices were on the same wall of
the room. In multiroom apartments the variations in the local
Eean age of the air were small tf the doors vùere open. Closing
the door increased the local mean age of the air inside the
room consÍderabty. The nominal time constants varÍed between
0.2 h and 3.5 h fn the tests and differed greatly from the
design values.

INlRODUCTION

The performance of a ventl-Iation system has a great influence
on the quality of the inside aÍr and the economy of
ventltatton. The ventilatfon performance can be increased by
rvoldlng short circuitfng of fresh alr from the supply to the
cxhaust ducts. The aim of this study was to obtain knowledge of
the alr exchange efficiency of various ventilation systems and
to lnvestigate the performance of different ventilation
rystems.

}IEÀSUREMENT SETUP

lloasurements wer€ carried out with the decay method using
Freon 12 (dichlorodifluoromethane) as a tracer gas in 9 office
lnd 16 resLdentlal bulldings. The internal doors were normally
oP€n durlng the measu;ements. A homogeneous starting
concentratLon was achl-eved by using mLxing fans durS-ng tracergrs lnJectLon. Most attentl-on was patd fn dweltÍngs to air-

etween dLfferent' spaces, the
ges in different locatÍons and
in offlces the maLn goal was to
ncy wlth different ventilatÍon
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patterns.

RESULTS IN RESIDENTIÀL BUILDINGS

Measurements $rere made in both detached and semL-detached
houses and also 1n high-rise residential blocks. The
ventilation system v¡as efther natural or mechanical-.
Measurements v¡ere also made ln one house wfth balanced
ventilatlon.

The lmpact of closing the door of the room with a natural
ventl-lation system 1s represented j-n ffgure L /L/. On average
the mean age of the al-r when the door is closed is twice the
mean age when the door is open. The sltuation can be improved
by leavlng a gap under the door. Table I shows the resuLts when
mechanical exhaust was used.

Tabte 1. The lmpact of closing the door Ln dwellings.
Mechanj-cal exhaust /L/ .

Dwelling ro, open th1 To, crosed thl E

I
2

13
9

.573
2
1
3

A
B
c
D

.04

.L4

.30

.23

.48

.90

.37

+ 130.5
+ 2L.5
+1119.5
+ 183.9

where r = Iocal mean age of air with door
open

= local mean age of aÍr with door
closed

o, open

To, crosed

It seems that with mechanÍcaL extractÍon the mean ag€ of the
alr in the room increases due to closing the door more than
wfth natural ventilation. This is because of the different seal
of the bufldfngs. With balanced ventlLatLon systems the mean
age of the air can either lncrease or decrease dependÍng on the
situation.

¡
a

The differences in the local mean ages of the air r- as a
function of the nominal time constant r- are shown in tlgure 2
/L/. The average difference between the locat mean age aãa tne
nomÍnal time constant varied between +9.0 t and -4.7 t. The
local dtfferences vt€re relatively smalt, which indicates
powerful rnlxing.

The measured aÍr exchange efficiencies €- as a function of the
nomlnal time constant t- are shown fn fig? 3 /L/. Accordlng to
the measurements €^ värled between 34 t and 5O t but $tas
normally below 50 t: This Ls due to the short cJ-rcuiting whÍch
occurs between cracks Ín the buj.ldJ-ng and extract ducts- In
most cases thís short cÍrcuiting ended with the úùC extract
duct.
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A typical air_ frow pattern fn a dwerrlng is represented r.nfigure 4 /L/. TypÍcat ãspects are:
1- short circuiting of afr between outside door and wcextract duct.
2- Short clrcuitfng between kltchen wl_ndow and kftchenextract duct.
3. sauna-department has indlviduar air frow.4- smarl differences in rocar mean ages of the air ff theinternat doors are open.5. rf the door of the room r-s crosed, the average rocalmean age inside the room fncreases.6- rn a sfngre room the dÍfferences in rocar mean agesare. very small

RESULTS IN OFFICE BUILDINGS

Some of the measured aÍr exhabulldfngs as a functLon ofrepresented fn figure S /I/. Th
between 36 t and S? t. In S0 tefficlency is over SO t. Thivelocities used for air supply asuppry and exhaust devices. Sñort circufting of aÍr between thesuppty and exhgyst grJ-rrs decreased the effÍciency in mostcases. The differences in the tocal mean ages of ther air wereslightJ-y- bigger in offlces than in dwõrrings. ùni= can beexplained by tl:. unhomogeneous pracing of srrpiry devices andblg landscape offices.

always fully mixed if the office hassupply and exhaust devíces are poorly

CONCLUSIONS

The results of the measurements are shown in figures 6a-6j.
The highest . air exchange efficLencfes are reached when thesupply and exhaust devlces are sÍtuated on the same wall of the rroom. Short circuÍting can then be avoided provided that the Õ

velocity of the air fn the suppry Jet is big eirough. 
-- |

The aÍr fn offfces fs not
a large volume and the
situated.

The powerfut mixfng ln residentfal buJ-tdingsflows created by- non-Ísothermal surfacesdLfferences betweén rooms.

is due to the air
and temperature

from theThe nominar time constants often differ considerabtydesign values.
A summary of the air-exchange efffcLencyÍn table 2.
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Table 2. Summary
measurements

of afr exchange efffcfency

lyf€ of brrlfdf¡g Floorarea
or room

2
m

Ventllatlon or
alr distributlcr'¡
systeß

lù¡ber of
nEasu-refiEnts

l'¡ørlr¡al tlßE
ccr¡star¡t

rn (n)

l,lcrnir¡al alr
extEr¡ge rate

\ ltt

Alr ext¡ârp.e
efficierrcy

c
a

Detachecl Ðd
Bernlcþtæl¡ed
ho¡ses

Hlgh rlse
resièntlal

tåndscape
office

Offlce

Filestorage

Conference ¡ocr¡

85 - r70

210 - 3æ

190

43

50-70

460 - 15æ

450

90

¡¡atural

l,þcl¡ar¡1cal
exhâ¡Jst

Bafanced
\rentÍlatlon

l'¡atural

t{echanlcal
exl¡a¡lst

Cei I lng
di ff\¡sens

1.7 - LO

2.O - 3.s

¿.¿

3.O

o.9 - 3.O

o.3

o.l - 0.6

o.14 - O.50

o.31

o.33

o.33 - 1 .11

3.3

2.O

3.33

1.67

L.67

o.34 - O.51

o.38 - O.5l

o.4

o.Q

o.4 - o.45

o.50

o.41

o.50

o.55

o.52

9

2

I

3

2

1

t2

50

8-30 13

h'i¡¡dc ¡,
indr.|ctlon u'¡1ts

o.5

Cei I ing
rrgisters +
ex|¡aust air
windows

o.3

l,/al I registers o.6

o.6v,lindot, lnductlon
r[lits

l.bchar¡ical e)ù¡aust O.14 - 1.7
wltf¡ supply to
hall

Ceiling
diffus€rE

o.27

Celting
dift:sers

o.2r

I

I

110

15

65

o.59 - 2.5 0.36 - O.50

3.7 0.58

4.?6 o.57

Class ¡ocrn 2 Wall rEglsters O.37 - 0.46 2.2 - 2.7 O.48 - O.55
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Figure 1. The impact of closing a door l_n dwelLfngs on the air_exchange rate. Natural ventÍIafÍon . /L/
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FJ'gure 2. Differences ln the rocar mean ages of the aLr asa function of the nominal time constant./L/
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FÍgure 4. À typicaÌ air flow pattern in a dwetling./L/
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Figure 3. The air-exchange efficÍency €- as a function of the
nominal time constant r,-'. /L/ - a
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Figure 5. The air-exchange efflciency €.a nominar time constant in. offíce Uúiråi
as a function of
ngs. /L/

6a. Residentiat buildf.ng,
mechanical exhaust.

6b. Residentiat building,
Natural ventilation.

Fígures 6a-6b. Results of measurements with two differentventilation patterns. /2/
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Tn= 0,37 - O.7L h

Eo= 18 -55 o/o

6c. Office, waIl
registers.

6e. Office, ceilÍng
diffusers.

69. Office, ceiling
diffusers.
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Tn= o. 18 - o.60 h

Eo' 50 %

6d. Offj.ce, window
inductlon units.

6f. Office, ceiling
diffusers.

6h. OffÍce, supply
to haLl.
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Figures 6c-h. Results of measurements with various ventilation
Patterns. /2/
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