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An important reason for making houses airtight is that air leakage leads to higher 
energy consumption. li::Mever, the impact of air leakage on energy consumption is usually 
calculated in a very simplified way. 

Air leakage can occur through large apertures such as cracks around windaNS and 
similar large leakage points. The leakages can also be !lOre equally spread over the 
whole building envelope. In this paper these Tho cases are referred to as concentrated 
and diffuse air laekage, respectively. Normally, energy consumption is calculated with
out taking into account the fact that air leakage changes the temperature distribution 
in the building envelope and, hence, also influences transmission losses. The normal 
calculation method is acceptable v.hen the air leakage is mainly concentrated but not 
when it is mainly diffuse. As is s~ in the paper, the normal calculation method leads 
to an overestimation of energy losses due to air leakage. 

In the paper a reduction factor, R, is presented. This reduction factor, by which the 
total ventilation losses should be multiplied, isillustrated for different percentages of 
diffuse air leakage. If the air leakage is totally diffuse, then the reduction factor is 
almost zero, i.e., there are practically no energy losses due to air leakage. 

In reality, air leakage takes place both through concentrated, larger cracks and 
through evenly distributed, smaller leakages. It is difficult to classify the different 
leakages as concentrated or diffuse. Apertures around windaNS might be considered as con
centrated leakages but here; too, the effect discussed above is present. A small hole in 
the inner surface of a tinIDer framed wall could lead to a widespread airflCM in the mineral 
wool insulation, which would give the air leakage a !lOre diffuse character. More research 
is needed in this field. It is impossible at present to recommend any values for the reduc
tion factor, R. 

INrROrucrION 

There is no doubt about the advantages of making houses airtight. If the building envelope 
is rot airtight, then rroisture problems can occur when warm, rroist air penetrates the in
door surfaces. Furtherrrore, it is only when a house is airtight that the ventilating system 
can be adjusted in such a way that every rcx:rn gets the desired arrount of ventilation, irre
spective of the outdoor climate. 
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Another important reason for making houses airtight is that air leakage also leads to 
higher energy consumption. However, the impact of air leakage on energy consumption is 
usually calculated in a very simplified way. Normally energy losses are calculated without 
taking into account the fact that air leakage also changes the temperature distribution in 
the building envelope. 

Air leakage can occur through large apertures such as cracks around windOn'S and similar 
large leakage points. The leakage can also be more equally spread over building envelope. 
In this paper, these tv.<) cases shall be referred to as concentrated and diffuse air leakage, 
respectively. Normally the additional energy consumption is considered not to influence the 
transmission losses. 'lllis might be quite true Iokien the air leakage is concentrated, but it 
is not true Iokien it is diffuse. As will be shown below, the simplified calculation method 
leads to an overestimation of energy losses due to air leakage. 

DIFFUSE AIR LEAKAGE: TEMPERA'IURES 

Let us consider the case Iokiere air is penetrating a wall fran the external to the internal 
side. The temperature distribution in the wall will then change (see Figure 1). If the 
wall consists of only one material, the initial straight line distribution will change to 
a curved distribution. The temperature in the Iokiole wall is reduced and the temperature 
on the external surface will be decreased. If the air infiltration is high, the external 
surface will have nearly the same temperature as the outdoor air. 

'llle temperature distribution will also change Iokien the direction of the airflow is 
reversed. In this case the temperature will rise in the Iokiole wall. If the airflow is high, 
the internal surface temperature will be close to the indoor temperature. 

In both cases, air leakage reduces the amount of ene~ lost by transmission. This 
might seem surprising at first, as one could think that Iokiat is gained in the first case, 
would be lost in the secorrl case, or vice versa. Hadever, it can easily be -shown, without 
any calculations, that transmission losses are reduced roth Mlen the air is entering and 
leaving the house. 

DIFFUSE AIR LEAKAGE: ENERGY LOSSES 

Let us study Figure 2. It shOn'S one house Iokiere the air leakage takes place through con
centrated cracks, case a~ and another house where the air leakage is diffuse, case b. 
We can choose any closed volume within Iokiich "" want to study the energy balance, and "" 
will define this volume as follOn'S. Where the air is entering the volume, the boundary 
will be on the external surface of the wall, and \*where the air is leaving the volume, we 
place the boundary on the internal side. 'lllis means that in both case a and case b the 
temperature of the inlet a1r 1S the same and equal to the outdoor temperature. The tempera
ture of the outlet air is also the same in both cases and equal to the indoor temperature. 
Therefore, the energy losses caused by air leakage are the same in roth cases. 

NoN let us canpcrre the transmission losses in the tv.u cases. At the l:oundaries chosen, 
the temperature difference between the surface and the air is smaller in case b, both for 
the wall through Iokiich air is entering the house and for the wall through Iokiich air is 
leaving the house (see Figure 1). This means that the transmission losses are reduced and, 
obviously, that the total energy demand for air ventilation and transmission is reduced. 

The .iJrqx>rtant thing is that the sum of the transmission and ventilation losses is 
reduced if the air leakage is diffuse-:-It is not possible to specify which one of the tv.<) 
losses is reduced because this depends on Iokiere "" choose to place the boundaries. So far 
we have been discussing: reduced transmission losses, but it is rrore lcgical to consider the 
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transmission losses as being constant. If this is the case, the energy losses caused by air 
leakage are less than those nonnally calculated. Let us try to analyze how large this reduc
tion is or at least give some limits for the energy losses caused by air leakage. For this 
purpose "'" need sane equations. 

ENERGY TRANSFER 'lllRCUGH A WAlL WI'll! DIFFUSE AIR INFILTRATIOO 

Figure 3 shows a wall with diffuse air infiltration or exfiltration. The air temperatures 
are Tl and T2' respectively. T2 is the temperature on the side Where air penetrates into 
the wall. The coordinate direction is opposite the airflow direction. Let us first define 
heat flow as energy transferred according to Equation 1 and convective energy flow as 
energy transferred according to Equation 2. '!he total energy flow is the sum of heat flow 
and convective energy flow. All energy flows are positive in the x direction. 

Where 

<lh = - A dT/dx 

'lc = - Mcp( T-Tr) 

'lh = heat flow, Btu/ft2'h (w/rn2) 
'lc = convective energy flow, Btu/ft2 'h (w/rn2) 
qt = total energy flow, Btu/ft2'h (w/rn2) 
A = thermal conductivity, Btu·in/h·ft2·F (W/rrPC) 
T = temperature in the section x, F (DC) 
Tr = arbitrary reference temperature, F (DC) 
M = air leakage rate, lb/ft2'h (kg/rn2s) 

(1) 

(2) 

(3) 

cp = specific heat capacity of air, Btu/lb'F (Ws/kgOC) 

It is assumed that the thennal conductivity of the material and the specific heat capacity 
of air are constant, that the air and the material in the wall have the same temperature 
for a given coordinate, x, and that the flows are one-dimensional and stationary. 

Both the heat flow and the convective energy flow vary with x because dT/dx and T vary 
with x. However, if "'" assume that the flows are stationary, the total energy flow will 
be independent of x. We can therefore calculate the derivative of the total energy flow, 
Which gives 

dT 
--- + = 0 (4 ) 
dx2 dx 

Let us use a dimensionless parameter to simplify the equations: 

a = McpI( 'A/d) (5) 

This parameter is, in principle, the ratio between ventilation am transmission losses. 
Let us also simplify the boundary conditions by ignoring the surface thennal resistance. 
The boundary conditions are then 

T=Tl forx=O 

T=T2 forx=d (6) 
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This simplification overestimates the energy losses to a relatively small extent. For 
further details and other boundary conditions; see Anderlind and Johansson (1980,1983) 
and Jensen (1982). 

The solution of Equation 4 is Obtained as 

e-ax/d - e-a 
(7) 

The total energy flCM through a wall with diffuse air leakage can nCM be calculated fran 
Equation 1, 2, and 3. '!he arbitrary reference temperature Tr is put at zero. 

).. a 
(8) 

TCYl'AL ENERGY LOSSES ruE TO AIR LEllKAGE 

Consider nCM Figure 4, Which shCMS a house Where the air leakage is diffuse. We calculate 
the total losses for transmission and air leakage for wall A, Where air is penetrating 
into the house, and for wall B, Where air is leaving the house. (Later on "'" will study 
a house, Where the air is entering the house through the building envelope and leaving 
the house through an exhaust pipe.) If the area of each wall is A/2; then the total 
losses fram the house are: 

A/2 (qtA - qtB) (9 ) 

If the indoor temperature is Ti and the outd=r temperature is To, the boundary conditions 
are 

Wall B: Tl = To, T2 = Ti (10) 

Fran Equation 8, 9, and 10, "'" then express the total losses as; 

A/2 
Aa Ti - Toea 

A/2 
Aa ~~_:_~!ea --------- - = 

d eB- 1 d ea - 1 

Aa ea + 1 
= A/2 (Ti-To)------- (11 ) 

d eS- 1 

'!his expression can be canpared to oonnally calculated energy losses for transmission and 
air leakage: 

AAa 
+ ---(Ti-To) 

2d 
(12) 
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Equation 11 and 12 are t....., ways of expressing the total energy losses for transmission 
and diffuse air leakage. If Equation 12 is used, the losses obtained are too high. Let 
US study the qu:>tient between air leakage losses in the t....., cases, assuming that the 
transmission losses are the same in both cases. '!he air leakage losses are obtained by 
subtracting transmission losses fran the total losses. 

Energy for air leakage calculated fran Equation 11: 

AAa ea+l 
Obll = ----(Ti-To)-------- -

2d ea - 1 

AA a+aea -2ea+2 
= ---(Ti-To)-------------------

2d ea - 1 

Energy for air leakage calculated fran Equation 12: 

AAa 
Qc 12 = ----(Ti-To) 

2d 

Equations 13 and 14 give: 

a + aea - 2ea + 2 
Qcll = ----------------- Oc12 

a (e"-l) 

(13) 

(14) 

(15 ) 

The quotient in Equation 15 is a reduction factor, by ,,*>ich the total air infiltration 
losses should be multiplied if the simplified Equation 12 is used and if the air leakage 
is totally diffuse. In reality the reduction factor, R, depends on the relationship be
tween diffuse and concentrated air leakage. It is shown in Figure 5 for different 
percentages of diffuse air leakage. R is very small for the curve marked 100%, "*>ich 
means that the air leakage is totally diffuse. 

Let us now consider a house where the air is 
envelope and leaving the house through an exhaust 
(x) will change to the ones numbered (x'). 

entering the house through the building 
pipe. In this case, the equations numbered 

Aa Ti - Toea 
A/2 (--- --------- + 

d ea - 1 

a,.\ 
+ --- Ti) 

d 

A aA 
---(Ti-To) + Ti) 

d d 

AA 1 + aea - ea 
Ob11 = ---(Ti-To )-------------

2d ea - 1 

Ocll = ------------ Oc12 
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Here, the reductirn factor, R, by which the total ventilation losses shculd be multiplied 
if the simplified Equation 12 is used, is shCf<ltl in Figure 6. In this case the reduction 
factor is closer to one, but if the air infiltration is mainly diffuse, then ventilation 
losses shculd be considerably reduced, 1. e., up to 50%. 

The conclusion, after studying Figure 5 and Figure 6, must be that if diffuse air 
leakage is present then energy losses are considerably reduced. 

DISQJSSIOO AND a:NClllSIOO 

In reality air leakage takes place both through concentrated, larger cracks and through 
evenly distributed, smaller leakages. It is difficult to classify the different leakages 
as concentrated or diffuse. Apertures around windC1WS might be considered as concentrated 
leakages, but there also the effect discussed above is present. A small hcle in the inner 
surface of a timber framed wall could lead to a widespread airfl<M in the mineral \O.\:)()l 
insulation, which \>,Uuld give the air leakage a nore diffuse character. 

In many cases there is a clear relation between energy consumption and wind speed, 
which indicates that air leakage is important for energy consumption. In other cases the 
influence of wind on energy consumption is negligible. This is often the case in Sweden, 
where the houses in general are quite tight, see Norlen (1985). The effect discussed above 
is one of the reasons why energy consumption increases only slightly, if at all, when the 
wind speed increases. 

More research is needed in this field. It is impossible at present to recammend any 
number for the reduction factor, R, in the foll<Ming equation, which, in principle, shculd 
be used £Or calculating the energy losses due to ventilation When transmission losses are 
calculated in a normal way. 

where 

qy = R Mcp(Ti-To) (16) 

qy = energy losses due to ventilation, Btu/ft2 'h (W/m2) 
R = energy reduction factor for air leakage 
M = ventilation rate, lb/ft2'h (kg/m2s) 
cp = specific heat capacity of air, Btu/lb' F (Ws/kgOC) 
TJ. = indoor temperature; F (OC) 
To = outdoor temperature, F (OC) 
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Figure 3. Symbols used 
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Figure 5. Energy reduction factor, R, 
for air infiltration. Air 
infiltration through building 
envelope is present both for 
inlet and outlet air 
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Figure 4. House with diffuse air 
infiltration 
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Figure 6. Energy reduction factoc, R, 
for air infiltration. Air 
infiltration through building 
envelope is present only for 
inlet air . 


