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Introduc¿ion

appar€nt conLradiction inpltes that the prediction of infiltration forqr eristing strucLure can be one of the more criLical carcurations anor arct¡itect can rnake.

Fan Pressurization Test Methoæ

rnfirtratlon'' the naturarly-inducéd air frow througlr Þhe b6irding
envelope, typicatly accounts for one-third of the energy load of residentiaLbulldings whlle at tàe sarne time acting as Lhe Frirnary mãchanism for nemoving
inLçrnalry-gen€rated pollutants and thus assuring dequate indoor air quaÌity.
To ninimize €nergy use one r'ay vrish to mrni"mize infirLraLion, buL to insure
âd€quate indoor air quatity one may wlsÌ¡, to increase infiltraLÍon. This

a new
engtneer

Typical.ry' the fan gressurization method. is uscd to mêasure the air flor¡rate at one pressure differe-nce, commonly at 50 pascal (pa). The fan pressur_
ization nethod described in this report is used for determining thè effecLive
reakage ar€a of a þlJ.d!ng. The effe€tive reakage area is a tuantÍuy conceÞtually equlvareÍt bo the sum of ttre areas of all the cracks and. holes i.n thebullding ênvelope through which air is able to pas.s. This quantiby is the$care paranêter for estlmaLing natural. lrfiltration in the simplified model
descrihed below.

Natural infiltratioB ls typicatly driven by pressure differences acrosstf" building envelop€ in the range of.g to 10 pa, Fan pressurization uses ablower door, â door{ouqLed, variabl.e speed fan capable of moving largevolunes (up to ?€00 m'lhr¡ of air into or out of a structure and a differen_

To make the fan pressurlzation neasureMèót, Èhe brolrèr door Ís seaLed intoan exterior doorway' aÀd the pressuré geugé' is set up with ,one pressure Lap
pLaced outside in a location protected fro¡i the wind. r¡e insioó pressure.tap
shourd be praced out of the direct flow'path of the fan. ArL exterior doors
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quantity directly rel-ated to it) and the pressune difference are measured aE
each point. The resulting pressure versus air flow curves for both pressuri-
zatlon and depressurization are used to find the effective leakage area of Uhe
buildine (1),

Data AnaJ-ysÍs

Air flow through lhe bu'ilding envelope is a combinabion of viscous flow
and burbulenL fIoH. Th'e former is proportional to Ap white the 1atter is pro-
portional to the sqare root of /\P. Air fLow through the envelope can be
characLerized by Lhe equatiorl:

q=KØ-y)n

The coefficients K and n are obtained using a log-ti.nearized curve-fitting
technique. The 'curves g'enerated by fan pressurization are extrapolated to a
reference pressure of 4 Pa (assumed to be representative of natural infiltra-
tion) by solving for Q at 4 Pa in: Eqúãtion 1.

The effective feakage area is defi.néd assuning that in the pressure range
characteristic of natural infiltration (-10 Lo +10 Pa), the flow versus pres-
sure behavior of a building more closely resembles square-root (turbulent)
than viscous flow and can be described by:

Qx

(2)
t (z/p) 4puJo'5

The total leakage area of the-envelope, L^, is defined as Lhe average of the
effective'leakage areas from pressurizatiöó and depressurizaLioì1.

Calculation of Infiltration lJsinc the LBL Model

The LBL infiltration model is based on physicâL simplifications of the
many effects that enter into the process of air infiltration. The considera-
tions behixd these sinplifications have been examined in great detail in pre-
vious works- (213), and wiLL be sumnarized in the sections Lo follow.

Suoer oos ition

Although'the effective leakage area determines the fLow through the
envelope es a funetion of pressure; it is not á simple natter to calculate the
point pressúres on the sunface of the building. For weather driven infiltra-
tion there aré tso indèpendent driving forces: wind and temperature difference
(stac,k èffect). To sinplify the point pressure problen, we can calculete the
wind-induced añd sþack-lnducèd infiltrabion independently; but, we cannot sim-
ply add lhen to find the total infiltration. We can, however, use our simpti-
fied leakagè eipiession to combine the two; because flow is ploportional to
the square-root of the pièssure, we add them in quadrature. (See equation 3. )

Stack Induced Infiltration

The sLack effect is caused by a difference in temperâuure between Ure air
inside and the air outside Lhe buirdi.ng. This temperature difference causes â
density difference and this buoyancy creates a prèssure gradienL afong any
vertical boundary.

The leaks in a building are distribuled over the enLire envelope, Lhus a
detailed sumation would be requined to deLermine the fLow al each point on
fhe envelope. To avoid this l-evel of deLail, we have grouped the envefope
Ieakage inlo three categories: floor, wall., and ceiLing Ìeakage area, Within
each area we assume that Lhe feaks are evenly disbributed. Thus, we have
three parameLers Lhat describe Lhe reaks: L^, the LoLar reakage area; R, the
fraction of Lhe Lotal leakage area in the fYoor and ceilingl and X, the
difference belween Lhe froor and ceiring leakage areas dÍvided by the Lolar
leakage area. (See equations 4 and 5 for the stack induced infilLra¿ion.)

Wind Induced Infiltration

when wind flows around a buiLding it induces pressure differences across
the externar faces of the envelope. These pressure differences are propor-
tional bo the local wind speed and the degree of shielding of lhe building.
Ì,Ie hâve câlcuIaLed the generaLized shielding coefficient, C, for five degreès
of obstruction around the building; the values are sumrnarized Ín Tabl,e '1,

Most wind data is taken from a weaLher tower noL necessarily at, the hej.ghL
of the building. The measured wind speed must be converled from a wealher
station into a loca1 wind speed for our model. l{e use a melhod thaL uses two
lerrain larameters to describe Lhe wind profire. (See equations 6 and 7 for
the lrind induced infiltrabion and Table 2. for the terrain parameLers.)

Summary of Eouations

Suoerposit ion

( 1),

Qweather = ti oÍ - o3 (3)

Stack Induced InfilLration:

f

Hind Induced Infiltration:

Q"=Lofs\ BH" ,/v,rTl

x2

(4)

(5)+R/2 ) (1
(2-il2

Q =L vfwow

\5/<

(6)



4

f, = c ( 1 - R )1/3

5

iloit"dw ìl0r
LJ (7)
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Table 1. Generalized shlelding coefficients

Shielding CIass c DescriptÍon

0. 32r¡

0. 285

0. 2tt 0

0.185

0.102

No obstructions or local shielding what-
soever.
Light local shielding with fetr obstruc-
tions.
Moderate local shielding, some obstruc-
tions ulthin two house heights.
Heavy shielding, obstructions around
most of perineter.
Very heavy shielding, large obstruction
around perirneter withÍn ten meters.

Ocean or other body of water Hith ãt
least 5 km of unrestricted expanse.
FIat terrain with some isolated obsta-
cIes.
RuràI areas with low buildings, trees,
or other scattered obstacles.
Urban, industrial or forest areas or
other buÍlt-up area.
Center of large city or other heavily
built-up area,

I

II

III

IV

V

(3) Sherman, M.H., and llodera, M.P. Compari5on
Infiltration Using the LBL Infiltration Model.
Report, LBL-17001, 1985.
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TabIe 2. Terrain paiameters for sLandard terrain classes

CIass I ( IÞscription

c
H

H

i;
KIJ

L
L
QO

Nomenclature

generalized shielding coefficient. (See TabLe 1)
helght. [mJ
stack height of building. (hlghest-Iowest Ieak) [m]
heÍght of Heather tower. Im] (wind measurement)
wind beight of building. (ceiling height above grade) [m]

fraction of lotal leakage area in the floor and ceillng,
absolute (inslde) temperature. t295 Kl
difference in ceiling/floor fractional ì.eakage area,
terrain coefflcienL. (See TabIe 2)
stack factor.
wlnd factor.
bhe accelãrãt,lon of gravitV. t9.8 m/s21
terrain exponent of tower (t) and bullding (w). (See Table 2)
leakage exponent.
the density of (outside) air. [1.2 kglm3J
measured wind speed. [rnls]
outslde-Lnside pressure difference, IPa]
leakage reference pressure. [4 Pa]
inside<utslde temperature dlfference. IK]

I

II

III

IV

v

0. 10

0.15

0. 20

0.25

0. 35

1.30

1.00

0. 85

0.67

0. q7

Conclusion

The fan pressurizablo¡ technique is a.simple nethod bhat is used to meas-
ure bhe air tlghtness of e building. The air tightness of a building can be
expressed by the effective leakage area at 4 Pa. or by the air exchange rate
ab 50 Pa. The effective leakage area and local weather daLa can be used as
inputs to the LBL ,lnfÍltration rnodel that predicts natural infiltration rates.
Both lne fEn pressurlzation technique and LBL infiltraLion modeL can be used
1n a varlety of Hays: energy estimates, air quality calculations, consensus
'ständards, and code iêquir.ements.
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SUMMARY

M.H. Sherman and

ñ--nfiluraCion is r
Ioads in residenbi

infiltrabion model'

RESUME

de I rinfiltra ion de lrair.t
M.H. Sherman eb J.B. Dickinson: Lrestim aL ion

Ltinfil- trati on de l tair corres pond a Peu Pre s au lier s des char ges du

conditi onnemenL de I rair dans 1 es baLimenbs re s id enLi e ls. CtesL aussi 1a

pr inciP ale meLhode pour 1e ma intien dtune qu atiLe suff isante de Ifair

inberieur. La reconnaissance recenle de ceLbe d ichoLo mi e a augmente 1e

des i r de lrouver une methode fac ile et raisonabl emenb Preci se Pour estimer

Ifin filtration de I 'air. Ce paP ier decriL une beIle meLh ode drune facon

pratiq ue pour que Ies ingeni eurs ou rraudi teursrr Pui ssenl estimer

I'infil LraLion de lrair' Celte me t,hode Pour la PredicLion de lrin filt r at ion

de I'ai r necessite deux eLaPes: 1 e mesurement su r le terrarn des ProPrietes

du ba! i ment, eL 1e caIcuI de I'infiltraLio n, a Parti r des donnees

mel eor o Iogiques eL de s rproprieLes r mesureeS. Da ns ce PaPier nous decrirons

des Lechniques de Pre ssurisaLion Par ventilaLion' Puisr nous decrironP les

proc edures necessaire s pour faire des PredicLion s quanL a I rinf i Lt r at ion

gr ac e au rnodele rnathe matique du "La wrence BerkeleY Labo r atorY'tt

KUR ZFASSUNG

on Luf t -Infil tr at ion von
Vorher sage'- a
ng von Geb

Die Lwa e:.n
aeuden isl fuer e

oemu

luste von Wohn gebaeuden ver ant wor tli ch. Weilerhin Íst

folge der Verd uennung der Schad sto ffen, die hauPt-

s aechliche QuelIe zÚr Aufrechterhalt ung der Rau mluflqualiLaet. Aus diesen

Grue nden entstand der Beclarf nach e inem zuverlae ssigen '
einfach zu hand-

habend en Rechenmodell zur Vorhersage der Luft-In f i.lt r abíon' Es wird eine

Mebhod e beschrieben' die selbst den nichb sPezie1I fuer Lu efLungsw aer me-

ver 1uste ausgebildet en Energieberater in dle Lage vergetzl' e ine Vorhersage

uebe r den InfilbrationsausLausch zu tr effen. Das vor gesLeIIte Modell ar:bei-

tet in zwei Schritten; der Messung der Durchlaess igkeil der Aussenhuellè

mitte Is einer Blowerdoor vor Ort und der anschlie ssenden Ber echnung dèr

InfiIt ration mit Hilfe von Webterdaben und den Messdaten der Blowerdoormes-

sungen. Durchlaessigkeits messungen sow ie thre Aussagekra

mung der Infi.ltration werden beschrieben'

ft fuer die Bestim-


