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air leaked through the apartment entrance door is vented out and not allowed
the neighboring apaftments. Note, however, that there are large differences

different apartments.

|7

(2) The envelope is divided into 16 parts and the pressure on each part is assumed to be
given by:

P(z) = çn r (vb/2)F (z/H) +gg (H'r -z) (2)

where Co is_g goelficiei irection, z is the height of the midpoint of
each floor, H" is the hei the last ffoor, f,(z¡gr) is a factor depending
on the floor crossection

(3) The mass transfer through the various openings is given by:

Q=CLAP"KT (3)

L being the effective leakage area of the opening, c a coefficient, Ç a temperature
correction and n an exponent (n=Il2 for doors and t=213 for windows).

The calculations presented in this work are for a reference building of 8 floors (height of
each floor :2.8 m) with fow aparfrnents at each floor. The volume of each apartment is
195 m3 , and the total window area of each aparhrent is 9 m2. The effective leakage area

_ varies from 10cm2/m2 of window for excellent air-tightness to 50 cm2/m2 for very poor air
,tightness. Each apartment has a 2m2 door, a¡rd the effective leakage area va¡ies between l-6
,cm2¡m2 for excellent air-tightness to 66 cm2/m2 for very poor air-tightness. The a¡eas of the
maln entrance door to the building and of the staircase windows arc 2 m2 and 1 m2 (on
each floor), and their air-tightnesses 72 cm2/m2 and.65 cmt¡m2, respectively

(4) Ttre staircase temperature is different on each floor and the temperature of each
apaÍment is different, too.

wind speed on infiltration is depicted in Fig. 2, for both open and
shown that for small wind speeds (< 1mls) infiltration does not tendto zero, due to the stack effect. The influence of the vent decreases with increasing wind

Figure 3, the average heating requirements of the apartments are shown, as a function of.entrance apartment door effective leakage area Lo and the condition (open (o) or(c)) of the staircase doot the staircase window and the top vent. It is shown that thesrtuation occu¡s when the building entrance and the staircase windows are closed buttop vent is open, since in that case the increased air flow through the apartments doesresult in rncreased heating requirements. At the same time, in such a situation, the
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savings, since the occupants may keep the windows open for long times in order to satisfy
the minimum ventilation requirements. These results are exemplified in Table 1, where the
energy needs are calculatd using the assumption that i¡filtration never falls below the
level of 732 kglhow (2/3 av changes per hour). It is seen that especially in the Bet-Dagan
area, s/hich is characterized by very low wind speeds during the night, the advantage of
improving air tightness is small from the point of view of energy needs, whereas the need
of make-up external air increases dramatically.
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Fig. 4. Variation of infiltration in typical apartment in Bet-Dagan in January

Table l. Infiltration, Fleating and Ventilation Requirements for Reference Apartment
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,\IISTRACT

,\ir infiltration rates in israeli aparlments have been investigated as part of a project
s¡xrnsored by the israeli Ministry of Energy. widely varying values bf effective ieakage
¡rca, from 1.5 to 14 cm2lm of crack length, were recorded;1he "leakiest" apartments being
lhc ones with wood windows and slat-type windows. The results of a deveio¡red multi-zone
air nrovement model show that the wind speu has the highest influence on the rate of
infiltration, and that tight main entrance doors and tight slaircase windows, together with
an open top staircase vent, give the best results from the point of view of both indoor air
quality and energy savings. It is also shown t artments the rlinirnurn fr.esh
rir requirernents cannot be s a considerable portion of the
tinre, thus setting a limit on e by improved air tightness.
\\'eather-stripping and other
n,¡rirnum r'åatin! energy demand, which is of considerro'" 

'lråTiliå1Ï"tïi,T"r,,,hcatcd apartrnents, particularly in the windy lnountain region.

]\TRODUCTION

\ir lcakage through envelope cracks, accounts y losses in
hriltl.ings. Although energy losses ca stripping
:"1¡']9. on the envelope of a buildi a minirnum
lcrel is not desirable, not only for re rf indoor air quarity, but also in order to
frctcnt condensation due to the high vapor content of indoor ãir. In this work, the
rrr'tightness of several israeli apartmenti was measwed using the blower door method. The
mt'¡st¡red values of the effective leakage area were used to calculate theoretically theor'rg¡ losses through air leakage in typical israeli apartrnent buildings, and to iãentifyruhrxls for reducing infirtation rosseJ without atróting indoor air irårity.

[ \ PIiR¡MENTAL PROCEDURE

llr effc'ctive leakage area of a.number of apartments in Israel was measu¡ed using a¡ntenlional blower door, consisting of an a-djustabre opening, that can be expanded or
trJucr:tl to fit many entrance door sizes, a brower supprying ã ¡neasured quantity of air ro

pressure difference across the door. From
ence, the effective leakage area L can be
fice which would give, at a pressure
cracks on the building envelope. Given

r¡¡r¡rc ro arrjacent aparrments is negrigibre."#,1åi:'.ii:il#':tT,:ìîlî:0"|Ii:j,l;.",.
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W: Woo¿en frame. A: Aluminum frame H: Built-in type openings R: Slat type openings

WS: Weatherutripped PWS: Partially Weatherstripped . Arrows link similar apartments

improved by research team.

Presenred in Figure I a¡e the measured values of the effective leakage Íìrea per unit crack

length for several apartments. Elest from the point of view of air-tightness are apartments

with aluminurn window frames, or apartments with weather-stripped wood-frames. Not far

from this category are apartments which have been improved by their occupants or by the

researchers during the study. Worst is the air-tightness in apartments with wooden balcony

doors, builtin-wall and slat-type windows, averaging a crack-length related effective

leakage area three limes larger than the ones in the best category. Weatherstripping all

o¡renings (windows, shutter boxes and doors) is shown to reduce the effective leakage area

by the onler of 50 o/o and partial weather-stripping by the ot¡Jet of 20 o/o.

AIR MOVEMENT MODEL FOR ISRAELI APARTMENTS

A model has been developed to describe inter-zone air movements in a typical israeli

apartment block (with no forced ventilation tfuough ducts, no heating system in the

staircase). The model is based on the following assumptions:

(l) The wind velocity at height H is assumed to vary acconding to the power law:

V¡=âV.(H'/H^)1 (l)

where Vo is the characteristic wind speed at the building height tl, a is a shieldi¡g factor

V^ is the wind speed measured at height H,, at the closest meteorological station and 1 is

the wind profile exponent, varying from 0.14 for open country to 0.25 for urban

conditions.

(2) The envelope is divided into.l6 parts and lhe pressure orr each part is assurned to lre
givcn by:

P(z) = ço r (Yo/2)F (zlH¡) +gg (H.' - z) (21

u'here Co is a coefficient depending on wind direction, z is lhe height of the mid¡roint of
each floor, Hr is the height of the midpoint of the last floor, F(y'Hr) is a factor de¡rending
on the floor crossection (elongated or square)

(l) The mass transfer through the various openings is given by:

Q=CL^P"Kr (3)

l- being the effective leakage area of the opening, C a coefficient, Kr a ternperature
correction and n an exponent (n=1/2 for doors and n=213 for windows).

'l'hc calculations presented in this work are for a reference building of 8 floors (height of
e¿ch floor : 2.8 m) with four apartments at each floor. The volume of each apartment is
195 mr. and the total window area of each apartment is 9 m2. The effective leakage area
r arics from 70cm2lm2 of window for excellent air-tightness to 50 cm2lm2 for very poor air
tightness. Each apartment has a 2m2 door, and the effective leakage area varies between 16

cnr:7rn' for excellent air-tightness lo 66 cm2lmz for very poor air-tightness. The areas of the
nrain entrance door to the building and of the staircase windows are 2 m2 and 1 m2 (on

c¡ch floor), and their air-tightnesses 72 cm2lm2 and 65 cm2/rn2, respectively.

f .l) '['he staircase temperature is different on each floor and the temperature of each
¡l)iltrnent is different, too.

¡{lrsULTS

'lle influence of the wind speed on infiltration is depicted in Fig. 2, for both open and
closcrl top vent. It is shown that for small wind speeds (< lmls) infiltration does not tend
lo z¡ro, due to the stack effect. The influence of the vent decreases with increasing wind
rf'(!d.

ln ljigrrrc J, thc average heating requirernerrts of the apartrnents are shown, as a function o[
the entrance apartment door effective leakage area l,o and the condition (open (o) or
closed (c)) of the staircase door, the staircase window and the top vent. It is shown that the
xJcal situation occurs when the building entrance and the staircase windows a¡e closed but
tk'tnp vent is open, since in that case the increased air flow through the apartments does
ml result in increased heating requirements. At the same time, in such a sitt¡ation, the
antanrinated air leaked through the apartment entrance door is vented out and not allowed
!o enter the neighboring apartments. Note, however, that there are large differences
tr't*cen the different apartments.
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savings, since the occupants may keep the windows open for long times in order to satisfy
the minimum ventilation requirements. These results are exemplified in Table 1, where the
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trVALUATION OF MECHANICAL DOMESTIC VENTILATION

õysrpvtst THE FRENcH APPRoACH
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ABSTRACT

In France, the ventilation musl continuously supply fresh air to the habitable rooms and exhaust

,ø" 
"ir 

from the service rooms. The ventilation rate should be adjustable to the needs of the

occuPAnts.

The requirements for the heat loss due to ventilarion are set in the French regulation for new

residenùal buildings. A simplified calculation method has been developed to take into account

building characteristics (air leakage), ventilation systems and meteorological data. We describe

how deiailed numerical simulations, using CSTB tools, have been used to define such a method

and to assess direcily the performances of the innovative ventilation systems. Reseæch is now

going on for determining the best indoor air qualiry criteria, especially for DCV systems

responding to airbome contaminants.

INTRODUCTION

Ventilation of buildings is necessary both to insure adequate indoor ai¡ qualitv and to Protect the

building itself against condensation and mould gro*th. On the other hand, ventilation l?Îes must

not leaá to excèssive energy consumption. Mechanical ventilation syslems, which have been

common in France since the sixties, comply with these requiremenS. These s1'stems have been

imp,roved in recent years and ventilation are widely

used. This paper overviews in use in residential

buildings anã óurfines rheir ad methods for efficiency

assessment of rhese ventilation systems with regard to heat loss and indoor air quality.

MECHANICAL VENTILATION SYSTEMS

Since 1969, the French regulation on residential building ventilation is based on general and

continuogs air renewal. The air circulation in the dwelling must be arranged in such a way that

fresh air comes into the habitable rooms (living room, minated

ai¡ flows straight to the exhaust vents located in the s toilets)'

ln this way, air is transferred from the rooms with a hi a lower

one (see figure 1).

Exhaust systems

The mechanical exhaust systems are composed of self-regulated air inlets, exhaust vents, an

exhaust network and a fan to exhaust the polluted air out of the dwelling. The principle of a self-

regulared air inlet is based on progressive modificaúon of the air Passage section of the inlet

according lo the pressure difference across the inlet. The change in secúon keeps the air flow

consrânr;ver a *ide.ange of pressure differences (see figure 2). These inlets, which have been

in widespread use for more than fifteen years, help prevent uncomfortable draught when the wind

pressure is too high [1]. Also, they help reduce heat losses due to cross-ventilation.


