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l{umerous comput'er proSrâmmes have been developed to caLculaLe theenergy consumption in bulldings due to infiltrabion. itro¡e whlch troei thetrue complexiLy of flows in a nulfizone building, require extenslve infor-mation about ftow oharact,eristlcs and pressure dfstrfburlpn. Therefore,sinplifled rnoctels have been developed. i.tosb of lhese, lncLudlng the LBLmodel ( 1)' simuLale the alr fnfil[ration of slnglecell sbructureg undergiven weather aondttlons" A htgh percentage of the exisblng buildings,ItÓuever, have floor pl.ans that charaaberize Ëhem more accurately as nulti-lçne sbructures, which eannot be treated by singlecell modeli. Arthoughmultl¡one models exist, most are either nob ävailalte lo the puÞllc or arewriften as research toors (A). Professlonal engfneers and arõnitect,s are inneed of a simpllfled murtÍzone lnflltratfon moìeL capable of provlding fhes€me aceut'acy as the existing slnglezone mode,ls.
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Int roducl ion

Air-Flow ln*É Mgltizone Buttdlncs

The sir-flot'' dlstributlon for any given bufrding is deternined by prër-süre differences due to wind, thermal 
'buoyan"y, 

or mechanlcal venbflatlo¿syslems acting al'one or in comblnation. the cttstrlbution of openlngs in thcbuilding sherl and the inner flow-paths also Ínfluence air-floi patfernð.

fn terms ol air flow, bulldings can be regarded as complfcated, inter*laced systems of flow pabhs (3). Ín bhis grid system.Þhe Jotnts are theroonE oî the buS.ldings and bhe conneations between bhe Jolntì simulate ùhaflou paths, whlch lnclude flo¡r reslstanceE caused by open or closed döôrsand ¡ríndors and/or air leakage t,hrough the walls. Th sfdethe buLldfng represent the boundary oon¿ltions for bhe ;;;;1n afr densicy, caused by crlfferences bebween outsrde npo-raturea, result ln further pressures in the verbloar ln_fluencfn6 the buildlngts a1r flow,

In buildings r+fth mechanl,oal venttlstion sysùems, bh{ nodel shouldI'reat, ihe duct system as another flov pat,h ln the butldlng end t,he fan âssnother 3oüro€ of prescure differenoasi t.e. bhe fsn Ilf:tg the pressurelevel béttlèon two Jolnts ecgordlüg uo the'charaoterlgtlc ourvË of,.ihe fan. P
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lluLtizone Infiltration SLudies

ExperimenLal l,lork

Ib is difliculL Lo measure infÍItraLion in mulLichar¡ber sLrucLures, and
only few of the existing nodels have been validaled properly. To identify
the air movement into a' Ëuilding and iLs internal air-flows we have de-
veloped a mulLj.gas Lracer measuremenl sysLem. By using freons and sul.fur
hexafluoride as tracers, a Large number ol detecLable gases äre availabLe.
The Lracer gases are injected in lhe differenL zones using the constant-flow
me1;hod for each sampling period. The neasurement equipmenb consists of a gas
chromalograph with Lwo colunns, an eLectron capture delector, and a sampling
nechanism for the gases of Lhe differenL zones, Air from different zones is
sampled for ten minuÈes, collected into sampling bags, and imnediately
analyzed. lleather data is recorded aL Lhe same tine as infiltration is
measured. For recorded wind daLa, surface pressure coefficients are measured
on seaLe models in a boundary-layer wind bunnef. These pressure coeffi-
cients, þogether with weather data and airleakâge data obtained by pressuri-
zing the building, are used as input for a detaÍted nultizone modeI. The
measured infilbraLion data will be used mainly to validate the model; the
predicted iòfiltratioñ data wiII be used to Iearn about the mechanisrns Lhat
cause infilLrabion.

llodelling

To simplify the description of Lhe air-flow distribuLion in buildings,
!,¡e seârched for lumped parameLers, corresponding Lo those used to describe
other physical phenomena, e.g, the total thermal conductance of a zone for
heat loss. A preli.ninary Iiterature review revealed that, from the point of
view of infiltration, a whol-e building can be qualitativeLy classified as
one of four types distinguished by bheir inLernal permeability distribution
and their consbruction type. Quantative parameters for the individual zones
have beeñ bÉLained by using a detailed computer model to sinulate a large
number of different fioor plans.

A study bÍ Krischer and Beck (4) gave the first hint Lhab such lumped
paraneters might éxist, To calculale the maxinurn infittrat,ion heat loss for
a building (ab design conditions for the heating system) they distinguished
two house types: terrace houses and detached houses. They expressed the
differences Ín terms of the raLio of the permeabilities of Lhe 1eeward side
and the Hindward side of the buil.ding ènvelope. In the latest issue of the
German standard, DIN 4701 (5), ã further distinction tras nade bet$¡een con-
struclion types: shaft type and stórey type, 'which differ in their vertical
inside permeability between floors.

They defÍned the ïollowing pararneLer to describe the envelope
permeability ratio (epr) for a given house type:

epr
Dlee, envelope (1)

and equation (2) to describe
given constructiôn type:

Dtotãi., enverope

the vertical perneability ratio (vpr) for a

Dtotar, envelope
where D = permeability.

These effects can be explained in terms of two new zone paraneters. Hedefine the outside permeabÍLity ratio (opr) of Lhe zone, whlch describes thecross ventilation

vpr

opr
D

zone I

D"on",

and bhe Ínside permeability ratlo
sback Ínfluence of the zone

Dshaft
(2)

lee, outside envelope
(3)

outside envelope

(Ípr) of the zone, which describes the

Dzone, to shaftipr (4)
Dzone, outside enveLope

lle found a strong relationship between the two ratios and the frow.dis-tributlon in the buirding. r,IÍth increasing varues for opr and decreasing
val-ues for fpr the zones becone nore wind dominabed, consequentì.y, increa-
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sing iprs and decreasing oprs show the opposite effect. These panameters may
be useful in quantative analysis of multizone infirtratíon ând venLilation.

Conclusions

lJe have deLermÍned runped parameters, the outside permeabiliLy ralio(opr) and the inside permeabirity ratio (ipr), lhat si.mprify the descripbionof air flows in multizone buildings. Further simulation runs wiLh a detailed
compuber moder are necessâry to confirm tha! lhese parameLers are sufficienlfor describing infiltration i.n buildings.
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Figure 2: Âir Change Rate due to Infiltration
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SUMMARY

H.E. Feusbel: 14ultizone Infiltration SLudies ab Lawrence Berkeley Labora-
fory. The simplified infiLtrati.on models now used bo simuLate incoming and

ouUgoing air flows for single-zone strucLures, such as one-family houses,
are noL suibable for a high percenbage of existing houses, whose fÌoorplans
cÌassify them âs rnultizone structures. l4uLtizone infiLtraLion requires
extensive and complex informabion about the flow characteristics and
pressure distribubion inside lhe building, and thus has been Loo difficult
to develop and to validate.0ur purpose has been Lo devise a simpLified
multizone infiltration model. To this end, we have simplified the
descripbion of bhe air-f1ow distribution in a buiLding by reJ-ying on Iumped
parameters. Furbher simulaLion runs are necessary to confirm that these
parameters are sufficient for describing infiltration in buildings. This
paper describes bhese parameters and the considerations involved in the
development of our multizone infiltration model.

RESUME

H. E. Feustel: Etudes dtinfilbralion sur un espace a multizones au Lawrence
Berkeley Laboratory. Les modetes simplifies quant aux eLudes drinfiltration
qui sont maintenant employes pour simuler Ies fluxs enlrees et sorties de

, lfair dans des espaces a zone unique, (par exemple, un batiment pour une
famiLle), ne sfappliquent pas a une grande majorite des maisons exisbantes'
dont Les plans les classifÍenL pourlant comme espaces e multizones.
Ltinfiltration dans un espace a multizones exige une informabion importante
et complexe des characteristiques des fluxs el de 1a distribution
pressurifique a ltinterieur du batiment. Il fut donc trop diffÍciIe a

developper e! a enteriner. Notre but etaif de definir un modele simplifie
sur un espace a multizones concernant les probLemes dfinfiltration. Pour Ie
realiser, nous avons simplifie 1a description de Ia distribution des fluxs
dtair dans un batiment en se basant sur des parametres globaux. Des
simulations additionelles furent necessaires pour confirmer que ces
parametres suffiraient a decrire lrinfiltration,dans 1e batiment.

KURZFASSUNG

H.E. Feustel: Untersuchungen des Lawrence Berkeley LaboraLory ueber die
Luftdurchstroemun von Mehrfamilienwohnhaeusern. Die vereinfachenden Compu-
termodelle, die augenblicklich zur Bestimmung der Luftdurchstroemung von Ge-
baeuden Anwendung finden, beschraenken sich auf sogenannte Einkammer-Model-
1e, d.h., das Gebaeude wlrd als eine Kammer ohne innere Unterteilungen
angesehen. Aufgrund thres Grundrisses koennen eine Vielzahl von Gebaeuden
allerdings nicht auf ein Einkammer-ModelI reduzierb werden. Demzufolge ar-
beiten wlr am LBL an elnem Computermodell, das sowohl eine einfache Be-
schreibung des Gebaeudes erlaubt, als auch die komplexen Stroemungswege und
Stroemungscharacteristiken und die Druckverteilungen von llehrfamilienhaeu-
sern berueckslchtigb. Dpshalb wurden von der DIN 470'l her bekannte Kennzah-
len fuer das gesamte Gebaeude um zwei weitere Kennzahlen ergaenzt, dle die
Luftdurchstroemung einer Zone besehreiben helfen. Dieser ArblkeÌ beschreibb
die letztgenannten Parameter und zefgt an elnem Beispiel deren Efnfluss auf
die Luftdurchstroemung verschiedener Zonen.


