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INFILTRATION, INDOOR AIR QUALITY AND ENERGY SAVINGS
IN ISRAELI APARTMENT BUILDINGS
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ABSTRACT

Air infiltration rates in israeli apartments have been investigated as part of a project
sponsored by the israeli Ministry of Energy. Widely varying values of effective leakage
area, from 1.5 to 14 em®m of crack length, were recorded: the "leakiest" apartments being
the ones with wood windows and slat-type windows. The results of a developed multi-zone
ait movement model show that the wind speed has the highest influence on the rate of
infiltration, and that tight main entrance doors and tight staircase 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 that in israeli apartments the minimum fresh
air requirements cannot be satisfied by infiltration alone, for a considerable portion of the
time, thus setting a limit on potential energy savings available by improved air tightness.
Weather-stripping and other improvements in air tightness can significantly affect
maximum heating energy demand, which is of considerable importance for electrically
heated apartments, particularly in the windy mountain region.

INTRODUCTION

Air leakage through envelope cracks, accounts for a large part of the energy losses in
buildings. Although energy losses can be significantly reduced by weather-stripping
openings on the envelope of a building, the reduction of infiltration below a minimum

level is not desirable, not only for reasons of indoor air quality, but also in order to

Prévent condensation due to the high vapor content of indoor air. In this work, the
Ar-tightness of several israeli apartments was measured using the blower door method. The
Measured values of the effective leakage area were used to calculate theoretically the
energy losses through air leakage in typical israeli apartment buildings, and to identify
Methods for reducing infiltration losses without affecting indoor air quality.

EXPERIMENTAL PROCEDURE

& : kage area of a number of apartments in Iscael was measured using a

_i‘é;'«'qnnonal blower door, consisting of an adjustable opening, that can be expanded or

. '---e‘:ed to fit many entrance door sizes, a blower supplying a measured quantity of air to
= 110USing unit, and manometers measuring the pressure difference across the door. From

.déri?eiiphl,o'f- the flow, versus the pressure difference, the effective leakage area L can be

efei{c - 18 defined as the area of a perfect orifice which would gilee, at a pressure

that t}'pi:alo‘f ’_4 Pfil. the same leakage flow as the cracks on the building envelope. GnYen

I _l-tﬁge o iStaeli buildings are made of masonry materials, it can be assumed that air

o adjacent apartments is negligible compared to leakage of air to the environment.
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Fig. 1. Measured effective leakage area Per unit crack length in israeli apartments,
W: Wooden frame. A: Aluminum frame H: Built.in type openings R: Slat type openings

Wws: Weatherstripped PWS: Partially Weatherstripped . Arrows link similar apartments
improved by research team,

Presented in Figure 1 are the measured values of the effective leakage area per unit crack
length for several apariments. Best from the point of view of air-tightness are apartments
with aluminum window frames, or apartments with weather-stripped wood-frames. Not far
from this category are apartments which have been improved by their ocecupants or by the
researchers during the study. Worst is the air-tightness in apartments with wooden balcony
doors, built-in-wall and slat-type windows, averaging a crack-length related eff,
leakage area three times Ia
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(2) The envelope is divided into 16 parts and the pressure on each part is assumed to be
given by:

P(z)=Cpr(Vb/2)F(z/HT)+gg(HT—z) )

where C, is a coefficient depending on wind direction, z is the height of the midpoint of

each floor, Hy is the height of the midpoint of the last floor, F(z/H,) is a factor depending
on the floor crossection (elongated or square).

(3) The mass transfer through the various openings is given by:
Q=CLAPK, Q)

L Dbeing the effective leakage area of the opening, C a coefficient, K; a temperature
correction and n an exponent (n=1/2 for doors and n=2/3 for windows).

The calculations presented in this work are for a reference building of 8 floors (height of
each floor : 2.8 m) with four apartments at each floor, The volume of each apartment is
195 m’, and the total window area of each apartment is 9 m’. The effective leakage area
varies from 10cm?/m? of window for excellent air-tightness to 50 cm?m? for very poor air
tightness. Each apartment has a 2m? door, and the effective leakage area varies between 16
.em?/m” for excellent air-tightmess to 66 cm?m? for very poor air-tightness. The areas of the
main entrance door to the building and of the staircase windows are 2 m? and 1 m? (on

-each floor), and their air-tightnesses 72 cm%m? and 65 cm?/m?, respectively.

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

RESULTS

The influence of the wind speed on infiltration is depicted in Fig. 2, for both open and
closed top vent. It is shown that for small wind speeds (< 1m/s) infiltration does not tend

10 zero, due to the stack effect. The influence of the vent decreases with increasing wind
Speed.
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ent is open, since in that case the increased air flow through the apartments does

t in increased heating requirements. At the same time, in such a situation, the
nated air leaked through the apartment entrance door is vented out and not allowed

L%‘_emﬂ the neighboring apartments. Note, however, that there are large differences
tWeen the different apartments.
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Fig. 2. Average apartment infiltration Ginf per unit ELA as a function of wind speed with
stack effect (Temp. Difference 10°C) and without stack effect (No Temp. Difference).
Open top staircase vent. L is the effective leakage area of each apartment (windows and
entrance door).
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In Figure 4, the hour-to-hour variation in infiltration is shown, for the month of January in
Bet-Dagan, typical of the inner coastal area of Israel (data of Schweitzer(1976)). One can
see that whereas there are large periods of time during which infiltration is insufficient 10
satisfy the ventilation requirements, there are strong peaks in infiltration (and,consequently,
energy requirements). This shows that weatherstripping will not always result in energy
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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 calculated using the assumption that infiltration never falls below the
level of 132 kg/hour (2/3 air changes per hour). It is seen that especially in the Bet-Dagan
area, which 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 1. Infiltration, Heating and Ventilation Requirements for Reference Apartment

Region  Air-Tightness: Maximum Season Heating of Heating of % of
Heating  Infiltrat.  Fresh Air  Fresh Air Time that
Power, W Heat Loss, Requir., &Infiltrat,,  that fresh

kWh kWh kWh air is
/ P needed

Inner Bad 6801 1315 1394 4-58
Coastal  Mediocre 4150 833 720 998 20-72
Good 2740 520 840 60-80

Excellent _1420 290 750 74-96

Jerusalem Bad 10425 3880 3916 0-35
Mountain Mediocre 6306 2408 1380 2528 7-55
Good 4200 1540 1900 33-70

Excellent 2100 830 1500 66-93
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ABSTRACT

Air infiltration rates in israeli apartments have been investigated as part of a project
sponsored by the israeli Ministry of Energy. Widely varying values of effective leakage
arca, from 1.5 to 14 cm’/m of crack length, were recorded; the "leakiest" apartments being
the ones with wood windows and slat-type windows. The results of a developed multi-zone
air movement model show that the wind speed has the highest influence on the rate of
infiltration, and that tight main entrance doors and tight staircase 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 that in israeli apartments the minimum fresh
air requirements cannot be satisfied by infiltration alone, for a considerable portion of the
time, thus setting a limit on potential energy savings available by improved air tightness.
Weather-stripping and other improvements in air tightness can significantly affect
maximum heating energy demand, which is of considerable importance for electrically
heated apartments, particularly in the windy mountain region.

INTRODUCTION

Air leakage through envelope cracks, accounts for a large part of the energy losses in
buildings. Although energy losses can be significantly reduced by weather-stripping
orenings on the envelope of a building, the reduction of infiltration below a minimum

kevel is not desirable, not only for reasons of indoor air quality, but also in order to

frevent condensation due to the high vapor content of indoor air. In this work, the
nr-tightness of several israeli apartments was measured using the blower door method. The
measured values of the effective leakage area were used to calculate theoretically the
mergy losses through air leakage in typical israeli apartment buildings, and to identify
methods for reducing infiltration losses without affecting indoor air quality.

EXPERIMENTAL PROCEDURE

The cffective leakage area of a number of apartments in Israel was measured using a
amventional blower door, consisting of an adjustable opening, that can be expanded or
nhuced to fit many entrance door sizes, a blower supplying a measured quantity of air to
“e housing unit. and manometers measuring the pressure difference across the door. From
*x graph of the flow, versus the pressure difference, the effective leakage area L can be
s, s defined as the area of a perfect orifice which would give, at a pressure
@*erence of 4 Pa. the same leakage flow as the cracks on the building envelope. Given
*at tpical isracli buildings are made of masonry materials, it can be assumed that air
atage 10 adjacent apartments is negligible compared to leakage of air to the environment.
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Fig. 1. Measured effective leakage area per unit crack length in israeli apartments.

W: Wooden frame. A: Aluminum frame H: Built-in type openings R: Slat type openings
WS: Weatherstripped PWS: Partially Weatherstripped . Arrows link similar apartments
improved by research team.

Presented in Figure 1 are the measured values of the effective leakage area per unit crack
length for several apartments. Best from the point of view of air-tightness are apartments
with aluminum 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, built-in-wall and slat-type windows, averaging a crack-length related effective
leakage area three times larger than the ones in the best category. Weatherstripping all
openings (windows, shutter boxes and doors) is shown to reduce the effective leakage arca
by the order of 50 % and partial weather-stripping by the order of 20 %.

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 through ducts, no heating system in the
staircase). The model is based on the following assumptions:

(1) The wind velocity at height H is assumed to vary according to the power law:
V,=aV, (H,/H,) v 1
where V, is the characteristic wind speed at the building height H,, a is a shielding factor,

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

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

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

P@z) =C,r(V,/2)F(z/H;) +go (Hy-2) (2)

where C, is a coefficient depending on wind direction, z is the height of the midpoint of

each floor, Hy is the height of the midpoint of the last floor, F(z/H;) is a factor depending
on the floor crossection (elongated or square).

(3) The mass transfer through the various openings is given by:
Q=CLAPK; &)

L. being the effective leakage area of the opening, C a coefficient, K; a temperature
correction and n an exponent (n=1/2 for doors and n=2/3 for windows).

The calculations presented in this work are for a reference building of 8 floors (height of
each floor : 2.8 m) with four apartments at each floor. The volume of each apartment is
195 m’®, and the total window area of each apartment is 9 m®. The effective leakage area
varies from 10cm?/m? of window for excellent air-tightness to 50 cm’/m? for very poor air
tightness. Each apartment has a 2m® door, and the effective leakage area varies between 16
em’/m? for excellent air-tightness to 66 cm?/m? for very poor air-tightness. The areas of the
main entrance door to the building and of the staircase windows are 2 m” and 1 m® (on
cach floor), and their air-tightnesses 72 cm*m? and 65 cm?/m?, respectively.

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

RESULTS

The influence of the wind speed on infiltration is depicted in Fig. 2, for both open and
closed top vent. It is shown that for small wind speeds (< 1m/s) infiltration does not tend

1o zero, due to the stack effect. The influence of the vent decreases with increasing wind
speed.

In Figure 3, the average heating requirements of the apartments are shown, as a (unction of
the entrance apartment door effective leakage area Lo and the condition (open (o) or

closed (c)) of the staircase door, the staircase window and the top vent. It is shown that the
weal situation occurs when the building entrance and the staircase windows are closed but
the top vent is open, since in that case the increased air flow through the apartments does
not result in increased heating requirements. At the same time, in such a situation, the
contaminated air leaked through the apartment entrance door is vented out and not allowed

to enter the neighboring apartments. Note, however, that there are large differences
hetween the different apartments.
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Fig. 2. Average apartment infiltration Ginf per unit ELA as a functior of w'ind speed wilh
stack effect (Temp. Difference 10°C) and without stack effect (No Temp. Dxffemnce).
Open top staircase vent. L is the effective leakage area of each apartment (windows and
entrance door).
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In Figure 4, the hour-to-hour variation in infiltration is shown, for the month of January in
Bet-Dagan, typical of the inner coastal area of Israel (data of Schweitzer(lig?6}). (:)l.lt?.' can
see that whereas there are large periods of time during which infiltration is insufficient to

satisfy the ventilation requirements, there are strong peaks in infiltration (and,consequently,

energy requirements). This shows that weatherstripping will not always result in energy

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 calculated using the assumption that infiltration never falls below the
level of 132 kg/hour (2/3 air changes per hour). It is seen that especially in the Bet-Dagan
area, which 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 1. Infiltration, Heating and Ventilation Requirements for Reference Apartment

Region Air-Tightness Maximum Season Heating of Heating of % of
Heating  Infiltrat. ~ Fresh Air  Fresh Air Time that
Power, W Heat Loss, Requir., &Infiltrat., that fresh

kWh kWh kWh air is

nceded

Inner Bad 6801 1315 1394 4-58
Coastal  Mediocre 4150 833 720 998 20-72
Good 2740 520 840 60-80
Excellent 1420 290 750 74-96
Jerusalem Bad 10425 3880 3916 0-35
Mountain  Mediocre 6306 2408 1380 2528 7-55
Good 4200 1540 1900 33-70

Excellent 2100 830 1500 66-93




e ; * VR
Procesdings of Indoor Air 93 Vo LS
- Vol g ;

DISCUSSION

even in the windy n‘u:\umaial-:D regr;:zlnaﬂy ke inner coastal
peaks of energy demand :
: ) can lead to IA .

mechanical ventilation ; poor IAQ during lon fods

desire to Saveer;:i;non;; theeslke, |y 10 resolving the COfﬂimgbmen 125 %pea:s i

coastal zone, charage'ﬁzez L ] S of weather-stripping are, of course diff:rn;;?? Jé:nd the
Y 10w wind during nights, and for the much w;ndim e i

€' mountain

area, h acterized Y a large Wlﬂd wed IlllOu out m O e winter.
Charac b i g b3 gh 0st fth

ACKN OWLEDGEMENTS

REFERENCES

Schweitzer A. (1978

A 3 n
During 1967-76 - Da) Representative "Avera

gell W ,
ta at Bet-Dagan (Lat.32°). A cather Year for Israel's Coastal Plain

Agricultural Research Org.,BeI—Dagan.

cedings of Indoor Air 93, Vol. 3

EVALUATION OF MECHANICAL DOMESTIC VENTILATION
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ABSTRACT

In France, the ventilation must continuously supply fresh air to the habitable rooms and exhaust
stale air from the service rooms. The ventilation rate should be adjustable to the needs of the

occupants.

The requirements for the heat loss due to ventilation are set in the French regulation for new
residential buildings. A simplified calculation method has been developed to take into account
puilding characteristics (air leakage), ventilation systems and meteorological data. We describe
how detailed numerical simulations, using CSTB tools, have been used to define such a method
and to assess direcily the performances of the innovative ventilation systems. Research is now
going on for determining the best indoor air quality criteria, especially for DCV systems
responding to airborne contaminants.

INTRODUCTION

Ventilation of buildings is necessary both to insure adequate indoor air quality and to protect the
building itself against condensation and mould growth. On the other hand, ventilation rates must
not lead to excessive energy consumption. Mechanical ventilation systems, which have been
common in France since the sixties, comply with these requirements. These systems have been
improved in recent years and new techniques such as humidity-controlled ventilation are widely
used. This paper overviews the various mechanical ventilation systems in use in residential
buildings and outlines their advantages and drawbacks. It also addresses the methods for efficiency
assessment of these 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
continuous 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, bedrooms) by air inlets and contaminated
air flows straight to the exhaust vents located in the service rooms (kiichen. bathroom, toilets).
In this way, air is transferred from the rooms with a higher air quality to the rooms with 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-
regulated air inlet is based on progressive modification of the air passage section of the inlet
according to the pressure difference across the inlet. The change in section keeps the air flow
constant over a wide range 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.




