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SUMMARY 

Results are presented which show the effects oj three types oj mechanical ventilation 
systems on a detached house. The effect oj sealing the windows and external doors has 

j also been investigated. All the systems lead to air change rales much greater than the 
design rate Jor this particular house. The least attractive is !he eXlract plus supply 
system. The sealing measures only reduced the natural ventilation rate by about a 
third. 

INTRODUCTION 

There were two objectives to the work described here. First, it was hoped to obtain 
information which would allow the effects on the whole-house air change rate of 
instalIing mechanical ventilation to be assessed. Recent evidence from tests in 
prefabricated Belgian houses 1 and new designs of Swedish houses2 indicates that, to 
be effective, the installation of a mechanical system in a house needs to be 
accompanied by sealing of adventitious open areas. This is taken to an extreme in 
the Swedish houses, which are encased in an airtight sheet. Such measures are 
unlikely to be cost-effective in the UK climate and only fairly moderate measures 
such as sealing gaps around windows are likely to be worth considering. For the 
work described, a typical modern English detached house has been equipped with a 
range of mechanical ventilation systems. The air change rates with each system 
operating have been compared with natural ventilation rates. A moderate degree of 
sealing has then been applied and further measurements of ventilation rates, with 
and without the mechanical systems, have been made. 

The second objective of the work was to obtain data for comparison with a 
mathematical mocfl!l developed at Watson House.3 For this purpose it was necessary 
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to measure the air change rates of individual rooms because the model predicts the 
quantity of external air entering each room. However, in this paper we will not be 
concerned with where the external air enters, but only with the total quantity 
entering (Le. the whole-house air change rate). A comparison between the 
measurements made in the house and the corresponding predictions of the model 
will be the subject of a sequal to this paper. If reasonable agreement can be obtained 
the model can then be used with assurance to widen the scope of the investigation 
and to suggest those experiments which are most warranted. 

DESCRIPTION OF THE TEST HOUSE AND SYSTEMS 

The SEGAS test house is four-bedroomed, detached and of traditional 
construction. It was built in 1967. 

The house stands close to tall buildings on two sides. It is exposed on the west face, 
partly exposed on the east face. sheltered on the south face and on the north face 
there are neither windows nor doors. 

A plan of the house is shown in Fig. I. Bedroom 1 contains the instruments and 
control units. the other three bedrooms are empty and the remaining rooms have 
conventional fittings and furnishings. The lounge and dining room have an optional 
partition which was kept open throughout the tests. The gaps around skirting 
boards and between Hoor boards in the ground floor were sealed with tape. This was 
done to make the Hoor more typical of a modern solid floor. A different method was 
used for early tests3 in the house. when a polythene sheet was taped to the floor. 

Several types of heating and ventilation system have been installed. These are as 
follows: 

(i) The wet central-heating system is of standard type with panel radiators in all 
rooms including the hall. but excluding the toilet and landing. Thermostatic 
radiator valves are fitted to the inlet of each radiator to control the air 
temperatures of the individual rooms. The boiler is a conventional gas-fired 
room-sealed appliance. 

(ii) The extract system has extract registers in the kitchen, bathroom and toilet. 
The extract fan and ditTuser are situated in the loft. Control of the extract 
rates is achieved by means of butterfly dampers or by pre-setting the free 
area of the registers. 

(iii) The supply system provides fresh air to the lounge, dining room, hall and all 
four bedrooms, the fresh air being drawn through a grille in the north wall of 
the house. It then passes through the air handling unit in the basement and is 
filtered before distribution. The outlets (rectangular nozzles) are fitted 
centrally beneath the radiators. Each nozzle can be adjusted to provide the 
air supply rate required. 

GROUND FLOOR 

Dining room Lounge 

/ 
Kitchen 

Hall 

FIRST FLOOR 

Bedloom 1 Bedroom 2 Bedroom 3 

Bedroom 4 

Fig. ). Plan of the test house. 

It should be noted that the flow rates of the mechanical systems are independent of 
the internal pressure of the house. They were adjusted to give a design air change rate 
per hour of about unity. 

EXPERIMENTAL TECHNIQUE 

The house was initially filled with a uniform concentration of about 0·8 per cent 
helium and the decay of this tracer gas was monitored in all of the rooms 
simultaneously (including the hall and landing) for an hour. Sampling lines to the 
helium analysers (katharometers) were placed at the geometric centres of the rooms. 
The tracer gas concentration was monitored continuously in several rooms with 
katharometers (Cambridge Instruments). For the remainder.\samples were stored 
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for subsequent analysis in gas sample bottles at discrete times of zero, 6, 12, 24, 36 
and 48 min. Fans were used to enhance the mixing process in the downstairs rooms, 
care being taken to ensure that they were not directed at any openings. 

A computer controlled data logger was used to record the external air 
temperature, all room temperatures and the local wind speed and direction. Average 
values of these quantities over the lest period were computed. The wind conditions 
were monitored at a height of 10m 011 a mast attached to a building adjacent to the 
test house. 

During the tests smoke tubes were used when possible! to find the flow direction 
through the external windows and doors. For the sealed house condition, the 
windows and loft hatch and all extract registers and supply grilles not in" use were 
se.tled with tape, and the front and back doors were weatheNtripped using foam 
and rubber strips. Because the Ilow through the external doors and windows was 
either equal to zero or negligible, smoke tube tests were not necessary. 

For all tests the internal doors of the house were kept open (to allow access to 
sample bollles) and .111 external doors and windows were closed. 

For the Illl.!chanical ventilation tests, the supply and/or extract rates were 
measured in the following ways. For the supply system. the air flow rate was metered 
by an orifice plate in each outlet duct. The kitchen extract was measured by an orifice 
plate .md the bathroom and toilet extracts by the pressure drops across the 
calibrated extract registers. 

SCOPE OF TESTS 

Fourteen tests were carried out with the house in its unsealed condition, with purely 
natural wntilation. For nine of these tests, the wet central heating was used to 
maintain the house at constant temperature. In this way it was hoped to obtain 
conditions where either wind effect or stack effect was dominant and to provide 
information on the stack effect (i.e. with a wide range of temperature difference 
between the internal and external temperatures of the house). Nine natural 
ventilation tests were carried out with the house ·sealed'. 

A further set of tests was undertaken to determine the effects of different types of 
mechanical ventilation on the air change rates of the house. Three measurements of 
each of the following systems and house conditions were made: 

(I) Extract system, house unsealed. 
(2) Supply system, house unsealed. 
(3) Supply and extract system. house unsealed. 
(4) Extract system, house sealed. 
(5) Supply system, house sealed. 
(6) Supply and extract system, house sealed. 
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Expressed in terms of house volumes per hour, the mechanical extract rale used 
was in the range 1·06-1·09 and the mechanical supply rate in the ranges 0·9-1·11 for 
the unsealed house and 0·87-0·89 for the sealed house. 

DETI!RMINATION OF WHOLE-HOUSE VENTILATION RATES 

In the following the ftow rate of fresh air (i.e. air from the outside) into the ith room is 
denoted by Qli' The whole-house ventilation rate is the total ftow rate of fresh air 
into the house and it is therefore given by the sum of the individual values of Q/I; 
namely ~ Qli' The air change rate is denoted by R where 

and VTO'f is the house volume. 
The ventilation rates of the house have been determined from the tracer gas 

measurements using a method described by Dick.4 Basically, each Q Ii is calculated 
from the initial part of the decay curve (the first twelve minutes in our case). The 
justification for this procedure is that during the early decay the concentration in the 
house is nearly uniform. Thus, for example, for those rooms where no fresh air 
enters (Le. Qli = 0), the initial part of the decay curve will be flat. 

The reason for choosing the above method was our desire to obtain simultaneous 
values of Qli' It is almost certainly not the best method for obtaining the whole
house air change rate. Methods which employ mechanical mixing to achieve 
continuous uniformity of tracer gas throughout the house (e.g. see reference 5) are 
probably more accurate and are certainly less laborious. However, this mixing 
completely destroys the information about the individual Qli and it was therefore 
decided to adopt the method described. Our concern with the individual Qli is not 
only connected with our mathematical model, but also with the concept of 
ventilation as a 'vector', i.e. it is not simply the magnitude of the total fresh air flow 
rate that is important, but also where the air enters .. 

It is desirable to have an idea of the accuracy of the values ofL:Q Ii obtained in the 
above manner. Errors can be divided into two types-errors associated with 
estimating QII from individual decay measurements and errors due to non
uniformity of concentration. An estimate of the upper level of errors of tracer gas 
decay methods is given in reference 6 as ± 15 per cent. This upper level has been 
adopted for the standard deviation of the first type of error. The second type of error 
is very difficult to assess. Clearly, the fact that the internal doors were open allows 
flows of tracer gas between rooms which could be comparable with the ftows of 
tracer gas to the outside air. 
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When this occurs the QJi of one room will be overestimated and the QJj of the 
otll$!r will be underestimated. The error in LQJi will therefore tend to be small, 
although errors in the individual QJj may be large. Assuming a standard deviation of 
15 per cent for this type of error in LQ/i leads to a total standard deviation of about 
20 per cent. I t is accepted that this value is rather subjective. However, an a posteriori 
justification for the assumption of fairly moderate errors will be seen in the results 
themselves. 

It is worth noting that an alternative method of estimating LQJi from the 
individual concentration measurements is to evaluate the total volume of tracer gas 
in the house at each instant. The decay of this quantity (taken over the whole 
measurement period) can be used to obtain a value for :LQ/i' With forced mixing 
between rooms this would. in theory. give :LQ/i exactly. However, in our case :LQ/i 
will almost certainly be overestimated, as can be judged by considering a simple two
cell case. We have evaluated :LQJj in the above way for the natural ventilation 
(unsealed) runs and, for each run, the value of :LQJi obtained in this way is greater 
than the value obtained by the initial decay method. The average difference is about 
30 percent. with the largest dilferences occurring at the lower air change rates. This is 
larger than one might expect from the simple two-cell case and it could indicate that 
there is a tendency for the initial decay method to underestimate :LQJi' 

To summarise. we can say that we have accepted a lower accuracy than can be 
achieved, in order to retain information about the manner in which air enters and 
leaves the dwelling. 

Recognition of this compromise has led to the development of an automatic 
technique for the simultaneous measurement of the individual values of QJj. A 
preliminary description of this technique has been given by Gale. 7 Results obtained 
so far show that the technique solves all the problems encountered in the work 
described here. Furthermore, values.of :LQJj measured in the sealed house with 
natural ventilation are in close agreement with the results presented in this paper. 
This indicates that, despite the rather subjective nature of the initial decay method, 
the errors in the values of :LQJi are not unacceptably large. 

PRESENTATION OF RESULTS 

The estimated values of air change rate R are given in the form of plots against 
reference wind speed U (Figs 2 and 3). Some of the results have also been plotted 

against.jl1T, where i\ Tis the temperature difference between the inside of the house 
and the exterior (Fig. 4). 

The above plots have been chosen in order to see how closely the natural air 

change rate correlates linearly with U and .jI1T. This has been done by calculating 
the regression lines. By choosing U and JAT as the parameters, rather than V 2 and 
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Fig. 2. Natural air change rates in the unsealed and sealed houses. plotted against mean wind speed. 

i\T, it is implied that the air flow rate through the cracks and other openings is 
directly proportional to the square root of the pressure drop across the openings. 
This is an approximation which becomes increasingly valid as the flow rate is 
increased. Table I shows the regression equations which have been obtained for the 
natural ventilation results. 

Equations (a), (b) and (c) use aU of the measurements for the unsealed house. 
From the values of the correlation coefficient it is clear that a better correlation is 

o~tained with V than With. JAT. The multiple regression with V and jiT also 
gIves a reasonable correlatIOn. Correlations (d) and (e) have been carried out in a 
special way which conforms with theoretical predictions3 of the qualitative variation 

of R with V and jiT. This theoretical variation is illustrated in Fig. 5. R should be 
roughly independent of i\ T for wind speeds greater than a 'critical' value Ve, and 
should be independent of Vat lower wind speeds except when i\Tis also small. Taking 
V, = 4 mis, R has been correlated with V for points with wind speeds greater than 
4 mls and for points with i\T < 4°C to give regression line (d). The remaining points 

have been correlated with jiTto give eqn. (e). Since theoretical considerations also 
indicate that R depends on wind direction, these two correlations· have been 
restricted to points lying in the range north (350°) to east-northeast (70°). Ten of 
the fourteen points lie within this range. Comparison of the correlation coefficients 
for eqns (d), (a), (e) and (b) shows improvements in both cases and is encouraging. 

In the followip", sections, regression equations are needed in order to quantify the 
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fig. 3. Comparison between mechanical air change rates in the sealed and unsealed houses. 

etlbcts of the sealing and the operation of mechanical systems. In view of the above, 
eqns (d) or (e) will be used for this purpose. 

DISCUSSION OF RESULTS 

Nalural ventiialiOll, house unsealed 
Figures 2 and 4 show the air change rates for natural ventilation of the unsealed 

house plotted against U and JiJ', respectively. The correlation coefficients from 
the regression analysis indicate that the air change rate is more dependent on U than 
on JiJ'. although both parameters are influential. 

The rate of change of R with U is about O· 35 and it is interesting to compare this 
with the value of about 0·15 for the single-storey Be~n house.' A partial 
explanation for this difference can be found from the wh61e-house pressurisation 
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fig. 4. Natural air change rates in the unsealed and sealed houses. 

House condition 

(a) 
(b) 
(c) 
(d) 
(e) 

Unsealed 
Unsealed 
Unsealed 
Unsealed 
Unsealed 

TABLE I 
REGRESSION LINES-NATURAL VENTILATION 

Equation 

R = -0'22 + 0.3~ 
R = -0·11 + 0-48 AT 

R = -0,38 + O·30U + -17M 
R = -0-08 + 0-3S!L 

R = -0·34 + 0-46.J AT 

Correlation coefficient 

0'85 
0·65 
0-86 
0-96 
0·70 

Fig. S. Mathematieafmodel of the variations of ventilation rate with wind speed and slack eWcct. 
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• tests which have been carried out on the two houses. At a pressurisation of about 
14 P!" . the flows through the houses are about 2063 m 3 jh and 1130 m 3/h, 
respectively. Thus the present house has an effective total open area which is about 
80 per cent larger than the Belgian house. On the simplest basis, one would expect the 
flow rate, Q, through the present house to be about 80 per cent larger than that for 
the Belgian house at the same value of wind speed. In fact, it is about 140 per cent 
larger (for U = 5 m/s). However, this could be misleading, because the 
pressurisation test on the present house was carried out before the sealing of the 
ground floor was changed. 

Natural ventilation, house sealed 
The natural ventilation rates measured in the house af1er sealing the external 

windows and doors are compared with the rates measured in the unsealed house in 
Figs 2 and 4. In order to quantify the effect of the sealing it is necessary to make use 
of the regression equation because the meteorological conditions for the two series 
of tests were different. Thus, for each value of R obtained for the sealed house, the 
corresponding value of R for the unsealed house at the same value of U and dThas 
been estimated with regression equations (eqns (d) or (e». In all cases a reduction in 
R was obtained which is, of course, to be expected. For eight of the nine sealed house 
results, the reduction of R (expressed as a percentage of R for the unsealed h~use) lies 
within the range 30 to 45 per cent. For the remaining result the estimated reduction is 
only 12 per cent. Much of this variation could be due to experimental errors. 
However, on average the reduction is 34 per cent and this should be a reliable value. 

Looking at Fig. 2 the effect of the sealing is not obvious. It is apparent, however, 
that R for the sealed house does not increase noticeably with U. Both these 

observations can be explained by reference to Fig. 4. The values of JiT for the 
sealed house are all larger than the values for the unsealed house. Despite this, the 
values of R for the sealed house are smaller than some of those for the unsealed 
house. Thus, the effect of sealing is now apparent. Furthermore, because the stack 
effect is large for the sealed house results, the theoretical behaviour shown in Fig. 5 
indicates that there should be little variation of R with U for low values of U. This 
behaviour is apparent in Fig. 2 and gives qualitative support to the theoretical basis 
of Fig. 5. 

The result that the average reduction due to sealing is 34 per cent is both 
interesting and important. It means that, for this particular house, the major sources 
of ventilation air are cracks in the fabric which are not readily identifiable. (These are 
referred to as background leakage areas in the terminology of reference 3). Similar 
results have been obtained from pressurisation tests on other houses. l •s The 
importance of the background leakage areas for the present house has been 
discussed in detail 3 and it remains to be seen whether the experimental results can be 
reproduced by the theoretical model. 

Another area in which the results should prove useful··· ,cerns the question of 
whether or not there is a correlation between the ventilation of a house and the total 
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effective open area as measured by a pressurisation test. 5 If such a correlation exists, 
the pressurisation test offers a convenient measure of the ventilation characteristics 
of houses. In view of this it is planned to carry out a pressurisation test of the house in 
its sealed state. 

Finally, it is worth n,oting that the 34 per cent reduction is an indication of the 
maximum that could be achieved by weather-stripping for this particular house. 

Mechanical ventilation, simple theoretical case 
There are two quantities of considerable interest concerning the operation of the 

mechanical system. One is a direct measure of how close the system operates to its 
designed performance. The other is a direct measure of how the mechanical system 
compares with the natural 'system'. 

The first quantity is denoted by bR and is defined by: 

bR = R - Ro 

where R is the air change rate with the system operating and Ro is the design air 
change rate: bR is easily calculated once R has been measured, because Ro is a 
constant independent of meteorological conditions. 

The second quantity is denoted by dR and is defined by: 

dR = R - RN 

Here, RN denotes the natural air change rate for the identical meteorological 
conditions at which R is measured. Clearly, it will be more difficult to evaluate dR, 
because measurements of Rand RN are unlikely to be made under identical 
conditions. Nevertheless, dR is an important quantity and estimates of it will be 
made. 

Before discussing the experimental results obtained with the mechanical system, 
however, it is worthwhile considering what the effects of the mechanical systems are 
for a very simple theoretical case. 

The case chosen is a single-cell building, with two identical openings. The 
discharge coefficient of these openings is taken to be a constant (i.e. Cz = 0·6) and 
the total area is taken as 0·2 m2• The surface pressure coefficients generated by the 
wind are also taken as constants (namely Cp = +0·2 and -0·2). Thus we are 
considering a very simple case for which the wind has a constant direction and there 
is no stack effect. It is then a simple matter to calculate the variation of R, bR and dR 
with wind speed and the results are shown in Fig. 6: QDdenotes the mechanical flow 
rate, which is independent of wind speed and corresponds to an air change rate of 
unity, i.e. Ro = 1. 

The results for the supply system and the extract system are identical. At U = 0, 
dR is equal to the mechanical contribution, but it is less than that at all other wind 
speeds, despite the fact that QD is independent of wind speed. The reason for this is 
the change in inter .... "1 pressure caused by the system which alters the flow through 
the two openings "J different amounts. For the supply plus extract system, the 
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Fig. 6. Simple theoretical calculations of the elfect of mechanical ventilation systems. 

mechanical flow rates are balanced and there is no alteration of the internal pressure. 
Consequently, the air change rate of the system simply adds on to the natural air 
change rate, i.e. llR = 1. 

It must be emphasised that the above calculations have only been carried out to 
give some physical insight into the effects of the mechanical systems. For many 
reasons, one cannot expect the results obtained on the test house to be in agreement 
with them. The prime reasons are as follows; the distributions of external pressure 
and of open areas on the test house are much more complex, stack effect has been 
neglected from the calculations, wind direction is invariant for the calculations and 
at low ventilation rates the discharge coefficient of open areas will not be constant. 
Another reason worth noting is that the operation of the supply system alone or the 
extract system alone modifies the pattern of fresh air entry into the house. The 
smoke tube tests showed that the extract system tended to increase the number of 
components through which fresh air entered the house whereas the supply system 
had the opposite elfect. Despite these differences, h .. /theoretical calculations 
provide a useful basis for discussing the experimental results. 
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Mechanical ventilation, house unsealed 
The air change rates obtained for the three mechanical systems are plotted with 

the natural ventilation rates in Fig. 7. It is clear that the effect of the system is to 
increase R by a large amount at low wind speeds. At the higher wind speeds the 
increase is apparently much smaller. 
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Fig. 7. Comparison between mechanical and natural air change rates in the unsealed house. 

The values of bR obtained with the three systems are plotted against wind speed in 
Fig. 8. The largest values are ·obtained with the combined system and the smallest 
with the extract system. There is not much agreement with the simple theoretical 
results given in Fig. 6, but this is not surprising in view of the absence of stack effect 
and wind direction changes in the simple theory. 

The average value of {)R for the combined system is 1·19. In reference 1, the values 
of bR for a combined system installed in a single-storey Belgian house are presented. 
They have an average of 0,62, i.e. about half the present average. An explanation of 
this might lie in the pressurisation tests which have been carried out on the 
houses. 

Estimates of llR have been made using the regression equations (eqns (d) or (e» to 
obtain values of the natural ventilation rate at the same meteorological conditions 
(U and llT). The results are given in Fig. 9 . 

. A reduction of!1R as the wind speed is increased is very apparent for all three 
systems and for . .; supply and extract systems this behaviour is in accord with the 
simple theoretical case. The apparent reduction with the combined system is perhaps 



D. W. ETHERIDGE, L. MARTIN, R. GALE, M. A. GELL 

0 

• EXTRACT 
0 

0 • 
0 

0 

0 -; 
~ SUPPLY a: • • 00 ·0 

o-S 

0 

0 

• ·0 - • - 0 ~ 
ct EXTRACT+SUPPLY 
00 

• Results 'or 
..... dhou .. 

0 

Fig. 8. Differences between actual and design air change rates. 

unexpected, although it could be partly due to the fact that the system was not 
exactly balanced. Also unexpected (on the basis of the simple theoretical case) ~re 
the small values of aR. These differences could be due in part to the necessanly 
approximate nature of the estimates of aR. However, the explanation probably lies 
in the much greater complexity of the house and systems. 

Mechanical ventilation, house sealed 
The air change rates for the sealed house with the mechanical systems operating 

are given in Fig. 3 and are compared with the rates for the unsealed house. Figures 8 
and 9 show the comparisons for fiR and aR, respectively. 

It is clear from Fig. 3 that the effect of the sealin(; relatively small. This is 
expected because, with natural ventilation alone, the average reduction of air change 
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Fig. 9. Differences between mechanical and natural (estimated) air change rates at the same values of U 
and AT. 

rate is only 34 per cent so that, with the systems operating, the percentage reduction 
in R will be considerably smaller. The basic reason for this is that the mechanically 
induced flow rates are independent of the pressures inside and outside the house. 
Because the percentage reduction is smaller, the effect of the sealing is more prone to 
experimental errors and this may explain why some of the sealed house results lie 
above the unsealed house results. However, it could also be due to different 
meteorological conditions. For the supply system, all of the sealed house results are 
less than the unsealed house results. The average reduction is approximately 20 per 
cent. 

Similarly, the effect of the sealing on fiR (Fig. 8) is also apparently small. The effect 
on I1R is, howe~· . more evident (Fig. 9). It must be noted that the sealed house 
values of I1R havejbeen estimated by subtracting the natural air change rate of the 
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unsealed house from the sealed house mechanical rate. These values of !J.R are 
therefore a measure of the extra ventilation heat loss due to the installation of the 
mechanical system with sealing. Because two values of /1R for the unsealed hous~ are 
very small, it is not surprising that two of the sealed house values are negative. 

Assesslllellt or IhL' mechanical systems 
It is impo~tant to consider what the present results mean with regard to the 

practical use of mechanical systems. Although there is a limited number of results 
for each system, some pertinent trends are apparent. . 

Figure 8 shows that, irrespective of whether or n~t ~he ho~se IS sealed, all three 
systems exceed their design air change rate. This IS part~cularly true for the 
combined system, where the excess is roughly equal to the deSign value. The extract 

system has the lowest excess. . ' 
Figure 9 indicates that operation of the supply system or the combmed system wIll 

le.ld to a ventilation heat loss which is significantly greater than that for the natural 
'system', even when the scaling is applied. For the extract system t~e situation 
appears to be more favourable. When the sealing is applied, it ~eems poss.lbl~ that the 
average ventilation heat loss (over the heating season, say) will be of a Similar value 

to that with the natural 'system'. 
Figure 3 indicates that for all three systems there is not a lar~e variation of ~ir 

change rate with wind speed. This is consistent with the behavlOur of /1R whIch 
decreases substantially at the higher wind speeds. To this extent, therefore, all three 

systems behave in a desirable way. . 
Considering the combined system, it appears that it is not at all an attractive 

proposition for the present house. It gives air change rates greatly in exce,ss of th,e 
design rate and ventilation heat losses much greater than the nat~r~l system. 
Admittedly, with this system heat recovery is possible, but even then I~ IS .doubtful 
that the ventilation heat losses would be reduced to the natural ventilation level. 
Furthermore, the addition of moderate sealing does not lead to drastic 
improvements and it seems probable that, for the combined system to perfor~ 
properly, very stringent sealing measures need to be adopted (such as those 10 

Sweden). The cost of such measures and the cost of the combined system would seem 
to rule out the general use of such systems in UK dwellings. 

The situations for the extract system and the supply system appear to be more 
favourable insofar as they have lower values of 1JR and !J.R. Of the two systems, the 
extract system appears to be distinctly better. It has quite low values of {)R and ~R. 
There is also evidence of a further improvement with the application of the sealmg. 
Had the construction of the house been less leaky it is possible that the design air 
change rate would have been quite closely achieved. However, it must be noted that 
the ventilation heat losses with the system operating would probably always be 
greater than the losses with the natural ·system' .. This is bec.ause the average air 
change rate of the natural 'system' (over the heatmg se~l) IS proba~ly less than 
unity (see Fig. 2). Some energy saving would be evident if the average air change of 
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the natural 'system' were increased by better window-opening habits. Savings might 
also be made if some form of heat recovery could be devised with the extract system 
-e.g. as described in reference 8. Even then it is doubtful that the pay-back period 
would be short enough for the system to be considered cost-effective. Probably the 
cost of the system would have to be set solely against the benefits of a controlled air 
change rate. It remains to be seen whether these benefits can be quantified in relation 
to the natural 'system'. 

CONCLUSIONS 

The natural ventilation results indicate that sealing the external windows and 
weather-stripping the external doors reduces the air change rate by about a third. 
This means that, for this particular house, about two-thirds of the ventilation takes 
place through adventitious openings which are less readily identified and 
consequently less easily sealed. 

The mechanical ventilation tests indicate that all three systems (extract, supply 
and extract plus supply) exceed the design air change rate when operated in the 
unsealed house. The combined system is the worst in this respect. It gives rates which 
are about double the design value. The extract system is the least unsatisfactory, 
with rates about 50 per cent greater than the design value. Application of the 
moderate sealing only improves the situation by a small amount. For the combined 
system to approach its design performance, the house would have to be made more 
tight. 

None ofthe systems appears to offer any significant energy savings compared with 
the naturally ventilated house (windQws closed). The basic reason for this is that the 
average natural air change rate of the unsealed house (windows closed) is probably 
less than the design air change rate chosen for the systems. Although heat recovery 
could be incorporated into the combined system, the benefit of this would be offset 
by the fact that the air change rate of this system is already much greater than the 
design rate. 
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