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IIi¡TRODIrcTION

when ca1culÂt.ùng.energry.ænsuRptlon for aPace heatfng antl the conceDtratLon
of pollutfon,É1¡. tfre:rb<iq aili't¡owlettge of the tlwelllng's álr-cñatrge, rate
is a'prereguisíté. rh;'atr-change rate to be applietl ln thesQ.oalculatLors
Ls the raÈe fof the ilwellLng ilurlng normal occuPancy.

Not untlt 1981, rdt¡en the first comg'tete éets of aLr-cþarrge measurement
equl,pment caI)able of continuous ré9l6tratlon hatt beqn firlly tleveloped, was
J,t possible to measure air-change fú dûel11n9e, dlurJ-ng occuPancy.

The paper plesents the mea€uring tectrriofogyi ata trr" results ftom 23 one-week
measurements of air-change ln occupied dlwelllngrs.

The najor parÈ of the paper iteale wfth ÈÌ¡c occuPants' influenceon the alr-
change ltr dwellings wiÈh m¿l withouù mechanical ventilàtìon systems'

t{easurlhErequipment and nreasuring technologT v111 be describetl briefly.

MEÀSI'RING EQUIP!{EÑT

The neasuring equipnenÈ has been aÞsignetl to bä capable of ãutomatic regi-
stiattón of aJ-r-changes ln occup;ied houses. The measurlng prínclple applletl
is thè nethod wlth "constant concentratlon of tracer gas".

The princlpté a¡r¡rltetl wilen le¿€uring r.ith nconstant concentration of tracer
gas" ls that a constant cohéÞntiatlon of'a traèer gas Ls naJ-ntalneil ln the
roons where the alr:cliánge..is to be meast¡têili lhe alr-changes are then cal-
culateat on the ba61a of the quantLty of traè'ÉlrrgÊs that 1t ls neceseary to
doae-to the roons to mLntain the concentratlon. we use the tracer 9ãs sF6tJ
a¡ü the concentratlon in the rQoms l-s ñal-ntalætl at 5 PPil.

The 'consÈåÞq-oonceÐtrations of tracer gagr measüríng prlnclple frás ieen'
selected because l.i fs the only method whl-ch can be enployetl for contlnuôus
measurement Ln geveral roms, where the aLr moveg bet\deen Èhe rooË.

The system is controlled by a nicro-conputer and congtructeal so as to be
cqpable of, neasuring the alr-change andl h nldfty in uP to 10 separate.roona. Þ
fhe uÉËãr¡ienent itaÈ4 are contLnuously gathered and stored on e dLskette 'È

ñfc¡r'qqii store I days' neasurenents. C
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rtg. 2. Dlstribution of
the 23 direlÏing'ar total
air-changè.

Fig. 3. Relative IErt of
hourly registratLons of
the total air-change which
are l-ess than the x-axis
value. The curves for all
23 dwellLngs are shown.

Fig. 4. Total ait-change
iñ a naturally ventflatetl
dwe11in9. The alr-change
is show¡ as a function of
Èine.
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Each coirtror box hae two functr-ons: to corlect air sampres f¡on the róoms tothe gas anaryse¡r and Èo Eegurate Èhe ttosage of tracer gas to Èhe ræms. The
call-bratlon gas ls used fcir a perlodic control- of the gas analyser.
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fn the Inper the alr-change.l-n Ètre occupied dyelling is designated "totalair:cha¡ge", whlle the.al-r-change registered ín the sealed dwelllng (t.e.
wfth.al-r-egcaBe valve, doors, wf.ndows antlventLlatl-on aystem closeå) is
aleslgnátedl "basLc aLrc;hange".

If the 23 measurements are cLasslfled according to the.dreltlngrs ventllation
sy.stem, it ls seen that 14 of the measurements were l-n dwellrngs wIÈh natural
ventJ-lation, 6 in dwellínga wlth mechanical injection and. exhaust units and 3
measurements Ln dlwellLngs wlth mechanlcal exhauat un{ts onry. The averageplae of clwerling wag 106 .2', rbrre the average n'nber of occupants waa 2.2 -roughly correspondlng to the natLonal average for DenÉrk.

Ttre average totel alr-change rate for the 23 dwe¡ll-ngs is O.6a times per
trour, correspq¡-rdtrfg Èo 142 n3 pei ilseJ..llng per hour.

The tlLffèrence ia: total afr-change from dwerring to itwerllng fs shown in
Pí9. 2- Fig. 3,. shore ùhe dlstrl-ltrutlon of the hourry resLstratlons of the
total alr-chair.Ee tn the LnilLvlttual dwellings. À typlca.¡. exanple of the
varlat.iona in the aLr-change of a ttwelllng Ls shown in Ftg. 4.
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From Figr i it aah be seen that the distrÍbut.ion of the airchange varles
greatly fron dwelling to dwelll,ng. They J-nclutle both the steep S-curves
rilìlch represént á falrly oölrstant al,r-chãiìge over the nedsuring period, and
the f latter curùes *h1ch represent greater variatim: õver the measuring
periotl. soùre cutvés are lnLtially steep' anal then snap and become flatter.
These curves usually l-nillcate perlodl-c thorough alring.

Fig. 5 þrovides a cleàter lmpressJ-on of the ttifference between naturally
ventïlated tlwelll-ngs and ¡rechanlcally ventllateal tlwellings.

% ol hourly reg¡strations

Fig. 5. Relative part of
hourly regl-stratlons 0f the
totâl air-change whfch are
less than Èhe x-axl.s value.
The conti¡rci¡s ( linel curye
is the average foE the na-
turàI1y ventilaÈeal ilwellLngÉ'
while the dotteè curve repre-
sents the average for the
mechanically venÈllated
tlwelllags.

0.5 l.o l.s 2.O

Total air-change t¡mes/hour

Total air-change times/hour
1.6

1.4

t.2

1.0

0.9

o.6

0.¡

o.2

0.0
o.o o. I o- o.3 o.a o.

Bas¡c air-change t¡mes/hour

Fig. 6 demôñstrates that there ls no correJ-ation between a itwelll-ng's baslc
an€t total alr-dhañge.

Às regards the nechanl.calty ventltatecl dwetlín96' it ls lnteresling Èo re-
late ttre to-tal aLr-change to the dimensloneat Perfölnance of the ventllatl-on
mit. calculated ón the Èasls of 6 tlwelllngs the relaÈLonehip was:

total air-change
perfffi
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= 0.98
0. 5a

= 1.7

Às the occr4)antsr behaviour exerts a verl¡ conslderable inflqence on tþe
aJ-r-clange, Lt coulat be expected that th€ total air-change depended.on the
number of occupants.

This is, however, not the case, and. the spread of the total aír-change ex-
Pressed tn m3 per occupant per hour Ls even bJ-gger than the spread. of Èhe
total air-change expressed in tines per héur.
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CONCLUSION

Measurement of air-change rate in occupLed clwellíngs shows that the occu-
pantsr behaviour has a very consfderable influence on the total al.r-change
rate. On average, the air-change rate fn an occupled chrelllng l-a 3-4 times
higher than the baslc air-change rate.

The average total alr-change rate for the arwellrngs measureal Ls 0.69 times
per hour. Even though thi6 rate Is hJ-gher than the 0.5 times per hour re:
comended ln Denmrk¡ nevertheless 20t of Èhe dwelllngs measured had a to-
tal aÍr-change rate so low that lndoor climte probblens can easl1y arise.

The average total air-change rate for the dwelll-ngs measured varles frm
0.20 to 1.56 tines per hour.

Inproved control of the total alr-changee would achieve both energy savlngs
and better l-ndoor climate for the home.

9¡ly a snall percentage of the tlwelllngs have ventllatlon aysterc that can
he adjusteal to provide the tlesirett rate of alr-change. The nechanlcal ven-
titration systems usually give too high a rate of al-r-changer while the na-
tural ventilatlon systæ usualLy provLde too low a rate.

The occupantsr behavfour also exerts a considerable influence ln ttwelllngs
\tith mechanical ventLlatlon. The total aÍr-change rate ln the nechanLcally
ventllatetl alwellfngs l-s, on average, aone 7Ot hlgher than tbe rate which
the ventllation systen was deslgned to provlde.

Às no correlation has been deterEined between the ttwelllngre baslc air-
change rate and ita total air-change rate, lt Ls relevant to warn a,gal-nst
drawJ-ng any concluslons with regard to a dwelllngrs Índoor ctl-mte and its
hwitttty balance on the basLs of a sLngle set of meagurements of 1t€ baslc
air-change rate.
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Fig. 6. Total air-change
as a functfo4 of basic
air-change for 22 dwel-
Iing6. tlechanlcalty vetr-
tilatecl dwelllnqs are
narked @ .
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uaers influence aÍr-InflItratlon. Knowle¿lge of aLr-
aite for calcula-,dryelllnga of use

of eneçgry' consulption for space, heatlng and for evaluatlon of a duel-is I''idoor cllmte. Thrs paper areals wr.th the flrst serres of Beaeure-
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Eents of alr-change ln occupred dwerrlngs. NoÈ untll 1991, wben the flrat
complete sets of alr-change neasuremenÈ egufpment capable of contlnuous
regratratlon had been fur.ry deveroped, raa rt poÊstbre to meaaure arr-change
ln <twelllnge durlng occupancy. The measurenenta conducted shov that èhe
occupants exerÈ a very conslderable lnfluence on the total alr-change. The
alr-change for occupled dwelllngs ls, on aveage, 3-4 tlmes greaÈer ihan
alr-change l-n sealed dwelllngs (1.e..wtth alr-escape valvea, doors, rlndowe
and venÈllaÈron ayateü closed). The meaeure¡enta also revea¡- a trend lndl-
c¿tlng à hl.gher rate of alr-change 1n nechanlcally ventllated dvelllnga
than In J¡aturàlly ventllated dwelllngs.

RESU'IE

Infl conao¡Mteur gur de lralr.
Une esance du renouvellenent danE est
dlagensable pour évaluer la con'omatron énergrtLque pour aon chauffage et
pour -aon cllnat Lntérleur. Dans ceÈ artlcle, i.l. e.aglÈ dea prenlèrea sértes
d€-me.surage du renouvellement de rralr des surfaces habltabteg. rr est pos-
albre it'établlr Le meaurage dans les surfaces clrhabrÈatlon que depuis 1981,
dåte à laguerle lee prenlères sérlee conplètes de mesurage permettant lren-

I(U"RZFÀSSUNG

zur Berechnung des
dea InnenkllMs,
e VorauaseÈzung.
auschs ln beHohn-

ten ftohnrËumen. Dle ùtessungen de6 Luftaustauache rn ¡{ohnräMen Lm Gebraucha-
zustand rurden eraÈ nach 1981 uägllch, als der erste Àpparat zur laufenden
Regl€trL€rung ferÈlçentwlckert war. Dre durchgeführeen Measungen rergen daae
di'e Bevohner elnen sehr groasen Elnflusa auf den LufÈsechsel haben. ru Durch-
achnltb lsÈ der Luftåustausch ln bewohnten Räunen 3-¡l mÌ grösser¡ ala Ln
unberohnten (Entlüftugsvent,lle, Türen, Een€ter und Ventl,Iationaanlage ge-
schl'dssen). Dle Ergebnlase zeigen glerchfalls, el.ne Tendens !.n Rlchtung auf
el'nen grösaeren Lu-fÈaustausch ber nechanlsch ventl.llerten tfohnräuen gegen-
tiber naÈürllch ventLllerten.
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