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AI TIGHTNESS OF BUILDINGS - RESEARCH IN Sl.l DEN

In eñergy balance of buiìclings the ventilation losses are a big
part and this part is getting relatively bigger the better the
encìosure of the buitding iS insulated. All ventilati0n that 'is
ìarger than what is wanted for hygiene and comfort can be re-
garded as undesired and thus be considered as heat loss. For
energy conservatirln it is therefore egsentiaì that ventilatìon
rate êên be controlled.

It was therefore quite natural that nany officials, institutes
and researcher started investigating air tightness of buildings
and ventilation rates in Swedeñ aftãr the eñergy crisis. Many'
research projects were presented to the Swedish Building Research
Board. In order to coordinate thìs research a coordinating group
was estabìished with members from authorities, research and

. i ndustry.

The coordinating group has been working in five subgroups

'! Nomenclôture
2 System analysis
3 Measurements and testing methods
4 Technical soìutions in design
5 Inf ì uence of microcl inrate

Technical solutions in design wilì be presented to the IEA semi-
nar by Mr A. Elmroth.

NOMENCLATURE

Nomenclature in Swedish is rather uninterestìng in rnternationaì
relation but we have not been able, so far, to reaçh an agree-
ment. The problem is mo¡.e to define the different terms than to
nane them, and that might be an internatipnal probìem,

SYSTIM ANALYSIS

Ventilation rate depends upon many factors

llind conditions around the building
Temperature di fferences
Shaps of the building and the envjronment
Air tightness of the buiìding enclosure
Air tightness between rooms in the buildings
Ventilation system

The'reìatìons can be demonstrated by figure I that shows a princì'
pal algorithm for caìculating the ventilation rate. By caìculatin'
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for each day of the year it should be possibre to establish a
frequency diagram from which t.he extra energy loss over the year
can be estimated.

so far, research in Sweden has been maìnìy concerned with measur-
ing. ai.r tightness of buiì dings, speciaì'ly houses, by pressqre
method or tracer gas technique. In fìgurè 1 this coiresponds to
the pressure flow re'lations. It shoulð, however, be noted that
most measurements deal with the whole building and very ìittleis done concerning the different building comþonents, ãxcept
windows which have been tested to a certãin extent. Thermography
has_been widely used to check the thermal performance of tñe'
building and the tendency to air ìeakage. .

MICROCLIMATE

The influence of wind depends upon wind velocity and wind direc-
tion close to the buiìding, and the shape factors. It wiìl there-
fore be necessary to find a method to transfer the meteorological
observations to nearby conditions

shape factors have genera'l ly been determined for the purpose of
structural design, which means that one has generaìly'tr-ied to
find the highest wind ìoads. In our studies it is more interest-ilg.to study the average conditìons. For houses.ir a group ìt is

'obvious that bcth wind velocities and shape factors aie dìfferent
from those for a sìngìe house.

In Sweden we will start a research project to study shape factors
for houses in a group and after that the relation -betwebn
nmeteoro'logicaì" wind and wind in a built area will probabìy be
studi ed.

AIR LEAKAGE CHARACTERISTICS

The air leakage characteristics i.e, primarily pressure flow
relations for building components and connections between buiìd-
ing components are of course an essentia'l part of the calculation
of the ventilation ìntensity. Mostìy the relation b'etween air
flow throlgh buììdinE: or buitdìng components and pressure differ--
ences is described by the expression

Q=a* ¿pb (t)

where
Q = volume flow rate (r3/t')

^p 
= pressure difference (Pa)

a = specific constant
b = specific constant, 0,5 < b < 1

The value b = 0,5 corresponds to compìetely turbulent fìow while
b = ,l,0 stands for comp'leteìy ìaninar flow. Equations of th'is
type lack generality because they are not dimensionally homo-
genous. That is, they are in confìict with a fundamental law of
fluid mechanics - Reynoìds law of sÍmilitude. However, aìterna-
tives to this kind of expressing the relation are not yet being
used to any greater degree. This exponential equation is probabì.,,
so corrÍnonly used because of the fact that results from air leak-
age measurements often are plotted on a logaritmic paper and the
result being a straight line. The a- and b-values are thus ob-
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tained graphicaììy. For many cases regarding building components
and whole bui'ldings a b-vaìue around 0,7 is obtained. This could
be considered as a combination of laminar and turbu'lent flow.
The region in which laminar flow generaìly is supposed to exist
is often referred to flow situations where Reyno'ld-s number, Re,
is below 2300. Bearing this in mind figure 2 shows the field of
variation for the air velocity and the crack width and the result
ing Re-number.

By means of thermography and quantitative measurements mean velo-
cities (v) in cracks are often observed to-be 0 - 3 m/s at at
pressure difference of 50 Pa. Air velocities and corresponding
crack widths (b) along the transjtion curve (Re = Re.r) are:

v m/s

b*1
0'5

Those values are all between I mm and I cm.

Thus, for ordinary cracks in and interstices between building
elements and the observed air velocities mentioned it seems
reasonable to find air flows through buildings w'ith elements of
both turbulent and laminar fìow. Consequently, depending on the
proportion between presence of cracks giving laminar and cracks
giving turbulent flow it is difficult to make calculations in
order to pred'ict air flow rate and even if that propoition is
given it is diffucuìt to make a correct calculation especially
concerning the turbulent part.

An alternative more correct way of calculating the air flow rate
is given by, for exampìe, Etheridge (19771. These results are,
however, not yet applicable for practíce. Research concerning
air flow rate caìcuìatÍons is very requested.

CALCULATIONS

llithin the work in the coordinating subgroup for the system ana-
Iysis P.0. Nylund has performed calculations using an algorithm
similar to the one showed in figure 1. Hitherto it has resulted
in calculations of air change rates as a function of wind veìo-
city for a number of cases concerning the buildìng, the pressure
distribution, air leakage characteristics and ventilation system.

The building used in this calculation has an area of 10 * l0 m

and a height of 3 m. The window area is 20% of the facade. The
ouside pressure distribution is chosen to be eìther A or B in
figure 3.
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permeability characteristic for the building envelope is
in a rather simplified way by first stating a specific
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e overall air leakage_ at a pressure"method measure-
Pa divided with the house voìume (m"/m'.^h)^ Three
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ng air fldü is spli! up in air leakage values
for wìndows (2 nsln¿. h), ualìs (q). and ceiling
To obtain air leakage values at other pressure leve'ls

rh
0
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)

than 50 Pa it is necessary to state the form of the pressure
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difference - air leakage curve. Two assumptions are used: the
exponent in (i) being e'ither 0,5 or 1,0. The ventilation system
could be either of:

o no ventilation system - balanced ventiìation
o exhaust fan venti'lation 0,5 air changes/hour at calm
o exhaust fan ventilation 0,25 air changes/hour at calm
o natural ventilation with pipe (u - -0,5 at the orifice)
Figure 4 - 6 show the calculated ventiìation rate as a function
of the wind velocity for different values òf the b-exponent.
Effects of stack effect are not included.

The main aim of caìculations of this kind is to gìve the optimalair tightness value for minimizing energy comsumption and simul-
tanously keep the indoor comfort at proþer level. To make such
decisions it is obviously necessary to include effects of differ
ent weather conditions during for exampìe a heating season. Thisis the next step of thts work and is recently started.

TESTING METHODS - PRTSSURIZATION

At present the pressure method has a very domìnating position
in Sweden as method for testing whoìe houses for air ieakage.

Principle

The test is performed by making a serie of pressure differences
act across the building envelope and measure the air leakage
caused by these pressure differences. The air leakage rate at
a.certain pressure difference level is chosen as an air 'leakage
characteristic of the house.

Test equipment

A fan capab'le of producing p..rrr". differences between inside
and outside conditions of at least 55 Pa and equipped with
speed or capacity control can be used to perform the test. For
flats e recommendatinn vaìue for the air fìow^capacity couìd be
1200 n'lh and for single family houses 2000 mr/h at a working
pressure of 55 Pa. These values are chosen according to'experi-
ences of air tightness of Swedish houses and may differ from
values suitable for other countries with another building techno
logy. Some kind of air flow measurement device is used tó measur,
the air flow rate through the fan and may be for example an ori-
fice plate, pitot tube or something simiìar. The subgroup for
Í¡easurements and testing methods has suggested that there should
be an upper ìimit for the error (m) of the air flow measurement
of t 6%.

lll = m +
^z1

m' m, etc. stand for the errors of each component of the totaì
flow heasurement. Manometers n¡ust be used to measure pressure
differences between at least 0 to t 55 Pa with an accuracy of
t 2 Pa. It is recommended that the fan and flow measurement de-
vice should be easy to turn and thus change the flow direction.
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The test

Inside and outside temperatures, wind direction and wind velocityis to be determined. The test shou]d preferably not take place
if the local wind velocity exceeds 8 m/s or if the temoeräture
difference between inside and outside exceeds 30 oC.

Before the test all openings for the volontary ventilation must
be sealed. For example exhaust and supply air equiprnents, fur-
nace openings,_chimneys or letter boxes are sealed with tape.
Pa'rts of the plumbing installation which are connected to open
air must be sealed too. Doors within the test volume are to be
open during the test. The fan'is mounted to the house enveìope.
Most common is perhaps to attach it to the outer-door opening
using a wood fibre board p'late with the fan attached to it. rñe
pressure difference between inside and outside is measured bet-
ween the inside of test volume and a place on the ground a
couple.of meters from the house. An example of the-equipment
mounted for testing ìs shown in figure 7.

At least four paìrs of values - pressure difference/air flow -
is monitored within the range of Z0 - 55 pa. Both positive
(higher pressure inside) and negative pressure difîerence is
appìicated. The inlet air flow should be compensated for tempera-
ture expansion by mu'ltipìying with a term I.,/In where T stands
for the absolute temperature and I and 0 stånd'for inside and
outside conditions.

The volume of the building is defined as the volume inside the
inner of the outer waìls, ceilings etc. However, inner-w¡ìls and
-floors shouìd be excìuded.

As the air leakage characteristic of the building, normally the
mean of the air flow rates (positive and negative) at 50 pa is
chosen. The result of the test may aìso be given as in figure I
with measured vaìues and the fitted curves.

The method is fast and easy to handle. The resuìt is to a great
degree anambigous. You get a value of the air'leakage charácteris.
tic that can be used for manufacturing control, comparisons bet-
ween buildings and building code controls etc.

It must be po'inted out,'however, that the testing method deter-
mines only the overalì air leakage characteristic of the buiìding
and could not,at least at presen\be used for energy loss calcu-
lations concerning natural conditions. This method must be com-
pleted to make it possible to detect the localization of leakage
paths. Infra red camera and anemometer are excellent tools to
determine where leaky parts are and how ìeaky they are.

TESTING METI1ODS - TRACER GAS TECHNIQUE

Tracer gas technique has in Sweden been used for about 15 years
to,determine ventilation rates of buildings. Initialìy heììum
and hydrogen gas were the most commonly used tracer gases but now
the nitrous gas NrO has an overwhelming popularity. Infra red
absorption is the'principle for measuring the concentration of
tracer gas when NZO js used. The widest used equipment in Sweden
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works with concentrations between 0 and t000ppm and this measur-
ing range has proved to be suitable for this kind of measure-
ments. For a normaì detached house rvith a vo'lume of 300 rJ it
means that.300 ì of NrO must be used. With the density being
y 1,7 kg/m" it is equfvalent to n,0,5 kg NrO. In Swedän the-gas
is manufactured in relativeìy s ralì and ea5y handìed botiles of
7 kg and would consequently be used"for about l0 - l5 measure-
ments. The density of NrO (1,7 kg/m") isomuch more close to^that
of air than is the case'for He (0,2 kg/n") and Ho (0,1 kq/m")
and this gives great advantages. As far as it haÉ been observed
!her9 are no prob'lems to get a complete mixing of the tracer gas
in the air and no ìayer effect is observed. This is a rather -

great prob'lem when using He och Hr.

As can be seen in the folìowing registration papers tests have
to a certain degree been performed using both pressure method to
determine air leakage characteristics of houses and tracer gas
technique to measure the ventilation rate due to air infittia-
tion/exfiltration under natural weather conditions of the same
objects.

TESTING METHODS - THERMOGRAPHY

Thermography 'is a qual itative testing method perhaps initiaì'ly
'.meant for determ'ining heat insulation performance but also as
mentioneci before an excellent tool to localize air leaks in
building.enclosures. It has been and is widely used in Sweden
for these purposes. Recently a Swedish standard for the thermo-
graphing procedure was established and is used by I50 Technical
Committee 163 as a basis for a proposed internatìonal standard.

The application of the:"mography to air leak detecting has been
done in several reserch projects in Sweden on air tihgtness of
buildings. The difficulty in making good prints from photogra-
phies makes it impossible to include pictures within this paper.
However, especialìy when applying a negative pressure difference
over the buìlding enclosures it is quite easy to detect air
leaks by means of thermography.

REGISTRATION OF MEASUREMENTS

The subgroup for Measurements and testìng methods has suggested
a registration fÒrm mainly for pressurization tests. (Encl f).
In this form the house is described, the test result and the
prevailing weather conditions are given. The form has been
approved by the coordinating group with some remarks: It should
be possible to mark if a single air ìeakage value is a mean
value. The other remark concerns a lack of a code for a not very
unusual house type in Sweden the "souterrain" house with one
basement waìl and one ordinary outer wall on the opposite side
on the ground floor of a two storey building.
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