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Figure 5. Plot of measured infiltration and infiltration model
prediction vs. time: Four-day test in MITU.
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Air Tightness vs. Air Infiltration for Swedish Homes -~ -
Measurements and Modelling "\
-

Ake Blomsterberg, Research Engineer, National Testing Institute, Borés,
Sveden

ABSTRACT

Air infiltration, an important energy loss mechanism in buildings, has been
studied,in a number of homes in Sweden. Two methods for measurement have been
utilized: the fan pressurization technigue and the tracer gas techmique. The
pressurization techtmique is used to measure the air tightness of the building
envelope, while the tracer gas techmique is used to measure the air iafiltra-—
tion. Pressurization is used routinely for checking dwellings in Sweden. This
technigue does not give the air imfiltratiaon as a direct result.

A previously developed model correlating air tightness and air infiltration
was used for evaluating the performance of Swedish homes. The results show
that it is difficult to achieve the recommended minimum ventilation rate
according to the Swedish Building Code only relying on naturel eir infiltra-
tion. Tt may work for a house with 1ittle shielding located in a windy area.
Most new Swedish homes do, however, meet the stringent air tightness reguire—~
ment of the Swedish Building Code. A comparison with American houses show
that Swedish homes are very tight.

INTRODUCTION
Air infiltration typically accounts for a third of the energy loss in & hea-
ted building. The driving forces for natural air infiltration are weather
i.e. wind and temperature. For a given combination of weather conditions the
gize of the air imfiltration is determined by the character of the building
envelope. The main property being the eir tightmess of the shell.

A promising technigue to characterize this housing quality is eir leakage

measurements. An air leakage standard for new comstructiom exists since 1975

in Sweden. Pressurization i.e. measurement of the air leakage is performed
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routinely for checking Swedish dwellings. This paper as well as a previous
paper by the author (1) and a report by Max Sherman (2) support the idea that
results from air leakage measurements can be used to predict the average air
infiltration for an entire building. Results from tracer gas measurements and
fan pressurization measurements in 45 houses are evaluated using the model
developed by the author. None of the houses meet the minimum ventilation re-
quirement recommended by most experts on ventiletion, by only relying on na-

tural ventiletion.

TEST METHODS
In order to perform the measurements necessary for this paper two methods

were used: the pressurization technique and the tracer gas technique (2).

The pressurization technique is used for testing air tightness of building
envelopes for entire buildings. The procedure is the following: a fan is
mounted into the buildjing envelope. Using this fan the entire house is first
pressurized and then depressurized (i.e. a differential pressure is establi-
shed between the inside and the outside of the house). All vents are sealed
off during the test. The air flow through the fan is determined using a flow
meter. It is assumed that this air flow is equal to the air flow through the
building envelope at the same time. Within a short period of time a pressure-

flow rate profile is established for the house.

The tracer gas technique is used for measuring air infiltration for natural
running conditions in a building. Tracer gas, a gas normally not present in
the structure, is injected into the house to be tested and the concentration
is measured; from that the air infiltration cean be derived. Three methods
can be used: concentration decay following periodic injections, constant
concentration obtained by continuous injections, constant flow. The first
method was used in all buildings presented here. Tracer gas is injected once
and the resulting decay in concentration is monitored. In order to determine
the air infiltration, measurements of concentration (C) from & minimum of
two different times (t and t+At) are used. The following relation is employ-—
ed to find the air change rate (hr '):

t+At
With this technique the concentration is measured repeatedly during at least

one hour.
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DESCRIPTION OF THE MODEL
The model uses two primary inputs to celculate air infiltration. The first
is the measurement of air leakagg of the entire building envelope; the second
is the pressure distribution over the building enve}ope caused by the wind

and indoor—outdoor temperature differences (1, 3).

The leakage of the entire building shell is obtained using fan pressurization.

An equetion describing the air flow through e single opening is
Q=K (ap)* (1)

vhere Q is the air flow (m3/hr)

K is the air flow coefficient (m?/hr at 1 Pa) :

AP is the pressure difference across the opening (Pa) and

o is the flow exponent (0,5<0<1,0).
Fen pressurization measurements do not yield information about flows across
individual openings but rather the integrated flow characteristic for the
entire envelope. Conseguently, if no information as to the leakage distri-
bution is available, the model uses the simplifying assumption thet the lea-
kage of the entire building shell is uniform. Non—uniform leakage distribu-—
tions cen be taken into account by the model. This is done by estimating the
neutral pressure level. Unfortunately, measurements of the neutral pressure

jevel do not exist for any of the houses in this paper.

The flow exponent and air flow coefficient for any house is found by fitting

the measured flow characteristic for the whole building to an equation having

the form of eq. 1.

The pressures on the building envelope are obtaeined by summing the pressure
due to the wind with the pressure due to the indoor—outdoor temperature dif-

ferences for the entire building shell. The pressure due to the wind at loca-

tion j, P ., is given by

w3
_ 1 2 (2)
ij =3 ijV
. 4 . 3
where p is the denmsity of air (kg/m”)

V is the wind speed at the roof ridge (m/s) and

C. is the shielding coefficient at location Js
d




The shielding coefficients are obtained from wind tunnel measurements on ele- Eally wupen Go the outeide. Euoys windriungel pressurs nessuvements dy ook

mentary building forms. The vaule of V is computed from wind speeds measured take this into account. Clearly, this shielding of the attic space by the

at 10 m weather tower on site or at a weather station using corrections for roof reduces the magnitude of the wind pressures seen by the ceiling. The

Y
the ground plane and terrain roughness. exact amount of shielding due £0 the roof is not known; calculations show

that the results are insensitive to the exact value as long as the magnitude

The pressure difference due to the inside-outside temperature difference at of the pressures seen by the ceiling ere smaller in magnitude than 30 % of.

location j, Ptj’ is given by the average wind pressure experienced on the roof. This value is considered

to be a reasonable assumption and is therefore used in the calculations ne-

P .= -p: . .
" (o, pi)ghj (3) cessary for this paper

RESULTS

where P, is the density of the outside air (kg/m3)
A large number of one-family houses in Sweden have been tested using the

Py is the density of the inside air (kg/mB)

is the acceleration of gravity (m/se) and pressurization technique. About 450 of these have been compiled in a data-

g
hj is the height of location j above a reference level (m). base at Lund Institute of Technology. Information es to the natural air in-
filtration i.e. measured air infiltration (4) is available for only 10 % of

When added, the pressures from the temperature difference and wind may be these houses. This smaller subgroup consists of a nice mixture of house types.

positive or negative relative to the interior of the house. S ing over all The houses have 1 or 1 1/2 storeys. They are deteched houses and town houses.

sites at which the surface pressures is larger than the interior pressure The employed production technique was prefabrication of volume elements, pre-

gives the total air flow into the structure. fabrication of surface elements, fabrication on site. The structural material

vas either wood or cellular concrete or concrete. The houses were naturally

Q,=kIZ (Pj-Pr)a (1) ventilated or mechanically ventilated. The mechanicel ventilation was of ba-
d lanced type or exhaust type.
where Qin is the total air flow into the structure (m3/hr)

The measured air change rates are shown in table 1. The houses were divided
into two groups; houses built 1965-75 and houses built after 1975. The rea-—
son for this is that & new Building Code was imposed in 1975, which requires
a specific level of air tightness for all new houses. A new one-family house
should not leak more than 3,0 air changes per hour (ach) at a pressure dif-

ference of 50 Pa. The results are shown with one standard deviation. The

Pj is the weather-induced surface pressure at point j (Pa) and
P is the interior pressure correction (Pa). (If hj is equal to
the neutral pressure level, then Pr will be equal to the in-

terior reference pressure.)

In a similar fashion the air flow out of the structure is given by
weather conditions for which the air infiltration values are valid would be

equal to & typical spring or fall day.

Qout =K Z, (Pr—Pj')a (5)

J

out

where the symbols have the same meaning as in eq. (4). The interior pressure, In order to get an idea as to how these houses perform during winter and sum-—
mer relying only on natural ventilation, three houses were modelled using the
previously described model. The first house (house A) is a detached one-storey
building made of prefabricated surface elements of wood, with natural ventilg—
tion. The second house (house B) only differs in that it was built on site

and hes an exhaust air ventilation system, which was sealed off during the

Pr’ will adjust until the flow into the structure and the flow out are the
same.

When an unoccupied attic is present the actual air infiltration will occur

into or from a well-shielded attic space. An unoccupied attic space is typi-

6.A,15
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Built 1965-75 Built after 1975

(6 houses) (39 houses)
Pressurization at 50 Pa, nr_‘ 5,5 * 3,0 3,8 £ 1,9
Natural air infiitration, hr 0,23 * 0,08 0,16 + 0,10
Temperature difference, °C 11,0 + 4,0 12,3 £ 6,5
Wind speed at house, m/s 540 % 2,5 3,5 £ 2,0

(The wind speed was measured 10 m in front of the house and at a height of
2 m)

Table 1. Air Change Rates for One-family Houses in Sweden.

test. The third house (house C) is very similar to house B. It is however
somevwhat bigger. The area of the living-space is 90 m2 for house A, 90 m2
for house B and 136 m2 for house C. These three houses are representative
of modern Swedish construction. All of them meet the air tightness require-
ment in the Building Code (see fig. 1). The model was first applied to the

houses for the same weather conditions as during the air infiltration mea-

surements.
Ach
30 — — - SWEDSH BULONGCODE
23
- PREDICTED AIR
23 INFILTRATION
21 e MEASURED AR
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Figure 1. Air Leakage vs. Air Infiltration and Predicted vs. Measured Air
Infiltration for three One-family Houses.

It should be observed that the houses are located in a terrain comsidered to

be "country with scattered windbreaks" before looking at the predictions for

typicel winter and summer weather conditions. When modelling the winter and
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summer air infiltration, the average weather for February and July in the

south of Sweden, where these houses ere located, was chosen (see table 2).

At House A House B House C
February -1 ,
Air chenges at 5,5 m/s and -0,6 0C, hr 0515 0,18 0,13
July .
Air changes at 4,0 m/s and 16,6 °C, hr ' 0,12 0,1k 0,09

(The wind speed was measured at a weather station at a height of 10 m).

Table 2. Air Infiltration Predictions for three Houses located in South

Sweden.

In order to get an idea as to how tight modern Swedish one-family houses are
a comparison was made with a sample of one-family houses in the U.S. (see
fig. 2). The American houses were divided into two groups: houses built to
be energy efficient and conventional houses (5). All houses were built in
the seventies and have the same.size as Swedish houses. The houses are loca-

ted in California, Minnesota and New Jersey.

Ach
SWDIN usa
10
[
L
%
Built 65-75  Builtafter 75 Built after 1970

(6houses)  (9houses)  Energy effi-  Conventio-
cient houses  nal houses
{9 houses) {7 houses)
Figure 2. Air Change Rates at 50 Pa for One-femily Houses in Sweden end in

the U.S..




DISCUSSION AND CONCLUSIONS
The purpose of an exercise such as this is to attempt to find the ventilation
rate for tight dwellings if one were to rely only on natural ventilation. A
group of 45 houses built in the south of Sweden have been investigated. The
average measured air infiltration for houses built between 1965-75 is 0,23
+ 0,8 ach and for houses built after 1975 0,16 * 0,10 ach (see table 1).
These numbers should be compared with what is considered to be an acceptable
ventilation rate. For one-family houses the recommendation is 0,5 ach. None
of the houses meet this requirement. The measurements were performed during

typical spring or fall weather.

In order to see if the houses mentioned above would at least be adequately
ventileted by natural means during the winter, a model was used to calculate
these numbers. The model has previously been evaluated and been shown to be
able to predict the air infiltration for a wide variety of very leaky one-
family houses with an accuracy of * 30 % (1). Three typical Swedish houses
were chosen from the group. The predictions must be coﬁsidered (see fig. 1)
very good, especially taking into account the inaccuracy of low air infiltra-
tion rate measurements. The winter predictions show an increase in air infilt
ration for only two of the houses (see table 2). These values still fall
short of the desired ventilation rate. The conclusion is obviously that un-
less a tight house is located in a very windy area the ventilation rate re-
lying on only natural means will be too small during most of the year. The
ventiletion rate for the summer case was also calculated and shown to be very
low. This is however no mayor problem as people this time of the year can be
expected to open their windows to get fresh air. Airing during the rest of
the year would mean an additional energy consumption, which is hard to con-
trol.

The best way of both supplying adequate ventilation and conserving energy is
to make sure that the building envelope is sufficiently tight end then in-
stall a ventilation system. If this is done it will be possible to comtrol
the ventilation rate all year around and avoid excessive or too small ven—
tilation. The system should either be of the balanced type or the exhaust
air type with special vents to the outside for supplying fresh air.

In order to conserve energr the first system can be combined with a heat ex-

changer and the second system with a heat pump for heating domestic hot water.
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The group of buildings described above have en air tightness level approxi-
mately equal to the limit imposed by the Swedish Building Code in 1975 (see
fig. 2). Buildings built betwegn 1965 and 1975 are somewhat leekier than the
ones built after 1975. A comparison with American housing reveal that Swedish
houses are indeed very tight (see fig. 2). Conventional American houses are
three times leakier. Only the houses built to be energy efficient are close
the Swedish ones, (5,8 ach compared with 3,8 ach).

Recent research has revealed that mechanically ventilated houses with an
acceptable average ventilation rate, may have individual rooms with hardly
any ventilation at all (6). This is an indication that attention has to be
paid not only to the overall ventilation but also to the ventilation of indi-
vidual rooms. As of today there is no easy way of monitoring local ventila-
tion. A promising technique for this purpose is to further develop the tracer
gas technique. A constant concentration method is being developed. The idea
being to inject tracer ges continuously into each room of an apartment or

a house and to maintain a constent concentration of tracer ges in the whole
house. By measuring the supply of tracer gas to each room the supply of

fresh air to each room will be known directly.

In this paper it was shown that it is possible to correlate fan pressuriza-

-tion measurements and infiltration rates. Improvements in this technique

are necessary and are clearly possible. Relying on only natural ventilation
for the ventilation of low leakage houses is clearly not possible. The solu-
tion is to install s ventilation system where adequate ventilation rates can
be quaranteed 12 months a year and where energy losses caused by ventilation
can be recovered. A ventilation system will work well only in & tight dwell-
ing. When ventilating a house attention has to be paid to each individual
room. Eve.fy room should have a supply of fresh eir sufficient for its usage.
This is not always the case.
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have been obtained by use of the multiple tracer gas techmnique.

RESUME
On a dsveloppé une technique pour mesurer les courants d'air entre les
espaces internes des maisons, se servant d'une chromatographe : gaz portative
: gsurveiller la concentration des trois gaz traceurs 'dans trois zones
distinctes du b?tinent. Se servant des rgsultats de chaque mesurage, qui
dure : peu prés deux heures, on peut calculer le taux de ventilation de
chaque zone et aussi les courants d'air communiquants. Cette gtude offre
les gquat:lons qui moutrent : 1';gard de la r:duction des gaz traceurs, leurs
d‘rivations et leur usage. Om a rapport; la -;thode expgriiantale et les
ditticultés pratiques. On a comencg un programme de travaux pratiques afin
,40 rechercher les cot:ra.nts d'air dans des,n:l.sons, et des cond:l.tiona, bien
‘diverses. La quatrieme partie rend des resultats prel:l-inniren, qus l1'on a
‘agn:s de 1l'emploi de la technique des gaz traceurs multiples.
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