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NATURAL AND MECHANICAL VENTILATION RATES IN 

A DETACHED HOUSE: PREDICTIONS 

0 . K . ALEXANDER and 0. W. ETHERIDGE 

British Gas. Watson House, Heating Division, 
London SW6 3HN (Grear Britain) 

SUMMARY 

The results of a prediction method are compared ll'ith experimental measurements. It 
is shown that the method is capable of giving good agreement for a wide range of 
ventilation conditions. The need is demonstrated for further work in t11·0 important 
areas-the spatial distribution of background areas and the effects of turbulence. 

I. INTRODUCTION 

The first part of this paper 1 described the measurements of ventilation rates in a 
detached house and discussed the effects of sealing windows and the operation of 
mechanical systems. In this, the second part. the corresponding results of a 
prediction method are presented and compared with the measurements . It will be 
seen that the method is relatively complex and it is worthwhile noting the basic 
reasons why such a method is required. 

The importance of ventilation can generally be described under the headings of 
safety, health, comfort and energy conservation. In the past attention has been paid 
to the safety aspect (e.g. regarding the operation of combustion appliances). but in 
recent years growing importance has been attached to other areas. A well publicised 
example of these is the increased relative importance of ventilation heat losses when 
total heat loss is reduced by improved fabric insulation. Effective solutions to any 
problems arising will require a thorough knowledge of the mechanisms of 
ventilation and means for applying this knowledge in practice. Both measurement 
and prediction have important roles to play in ventilation studies and each has its 
own particular advantages and disadvantage~. The advantages of a prediction 
method are that it offers (i) the ability to isolate individual parameters, (ii) control 
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over the.conditions of'tests', (iii) the ability to investigate hypothetical cases and (iv) 
quick .answers at minimal cost. The main disadvantage is the uncertain accuracy 
wnich stems from the inability to model completely all of the factors which influence 
entilation. The main objective of the work described here was to assess the 

performance of the method in this respect. 
No attempt has been made to compare the results with other prediction methods, 

such as those described in references 8 to 10. Such comparisons are outside the scope 
of this paper, although they should eventually be made. 

2. PREDICTION METHOD 

The basic method and the data requirements have been described earlier. 2 Since that 
time, several improvements have been made and so, in the following brief 
description, particular attention is given to the changes. 

2.1. Basis of the method 
This is an iterative solution of the continuity equation and the equations which 

describe the flow of air through openings in the dwelling. The crack flow equations 
have been described elsewhere. 3 They have been shown to be capable of describing 
accurately the steady flow through cracks in components (such as doors and 
windows) and of giving an acceptable description of the flow through background 
leakage areas. The equations are solved under the assumption that they remain valid 
when the flow is unsteady. This assumption is discussed further in section 2.2. 

Natural ventilation arises from the pressures generated across openings by the 
action of the external wind and by differences between the internal temperature and 
the external temperature (i.e. the buoyancy or stack effect). Generally speaking, 
both these effects will be present and the method copes with this in the following way. 
The wind determines the external pressure distribution and the stack effect is 
considered to modify the internal pressure distribution. Jn the original method the 
stack effect was determined by making a simplifying assumption about the position 
of the neutral plane and adding the pressures due to buoyancy to those produced by 
the wind. This has now been improved by allowing a variable neutral pla ne position 
which is adjusted until a solution to the airflow network is produced. Thus the 
pressure difference across a particular opening is determined by the complex 
interaction of wind and stack pressure and by the opening type, size and position . 

As the method is inherently multiceU , wind and stack pressures acting in the loft 
space are accounted for as well. 

2.2. Effects of turbulence 
A turbulent wind means that the pressure distribution on the exterior of the 

dwelling is unsteady. This unsteadiness is transmitted to the interior by the flow 

\ 

through the openings. Consequently, the internal pressure p
0
(t) varies with time. 

The pressure difference across the ith crack is: 

Ap;(t) = P;(t) - p
0
(t) 

where P; denotes the external pressure. Over a sufficient time. T, the mean values are 
considered to be independent of time, such that: 

Ap; =p; - p~ (I) 

Time-mean values are denoted by an overbar-for example, the time-mean of P; is 
Pi. Over the same time, the net flow into the dwelling is zero, i.e.: 

LQ;=O (2) 

where Q; is the flow into or out of the ith opening. At full scale, the mean values of 
Ap;, etc. will generally vary slowly with time because of very low frequency variations 
in wind conditions. However, it is felt that the above equations are sufficiently valid 
for times T of the order of I 0 min. 

In our method it is assumed that each Q; is determined by the steady flow equation 
- -

with Ap; as the pressure difference. The Ap; in eqn. (I) can thus be expressed in terms 

of the Q; and eqns (I) and (2) can be solved for p
0

• This assumption of quasi-steady 
flow is an approximation, particularly for the higher frequency pressure 

fluctuations. Furthermore, the use of the steady flow relationship between Q; and 

Ap; becomes less valid for higher flow rates where the relationship is not linear. It is 
not known what errors will be introduced into the prediction of p

0 
by these factors as 

the time dependence of Pi is not known . However, we can expect the latter to lead to 
an overestimate of the ventilation rate and it is hoped to estimate the magnitude of 
these errors at a later date. 

Another, probably more important, effect of the turbulence is the occurrence of 
flow reversal through openings. It is known4

·
5 that ventilation arises from flows 

which are purely pulsating, Ap; = 0. This source of ventilation is not recognised by 

the steady flow equation which uses the mean pressure difference Ap; and no account 
was taken of this in the early version of our method. However. there is evidence4

· 5 

that ventilation arising from flow reversal is not negligible and so the method has 
been modified to take it into account. 

This has been done on the basis of the results obtained with a model. 5 Assuming 
that Api(t) has a Gaussian distribution, it was fo.und that the effective ventilation 
rate due to one (of two) windows was given by: 

QT = 0·5 [0·8 f!._ (Ap;i)o·s 8A32 J • ..j; BzL µ 
(3) 

for Ap; = 0, where Ap; denotes the fluctuating component of Ap;(I). 11 the viscosity 
and A, B, z and L specify the physical characteristics of the crack. In the equation. 

• 
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• the factor 0·8 is the 'efficiency' of the process (see reference 5). The above equation 
applies to low flow rates and under this condition the corresponding equation for the 
mean flow is: 

8A 3 -

Q; = BzL2µ flp; 

Equations (3) and (4) can be rearranged to give: 

Q =0·41!2 (AQ;I)o ·s Q.F 
T1 7t An , I 

U/-'1 

(4) 

and it is this equation which is used to estimate QT,· Fis a factor which accounts for 

the occurrence oflarge mean pressures, with which the pressure fluctuations will not 

be large enough to cause flow reversal and QT,= 0. This will roughly be the case 

when /).[J; > 3(/).p;-2)0 ·5 and linear interpolation is used between this case and the case 
- -

when Ap
1 
= 0. The 6p1 for each opening is obtained from the prediction in the 

normal way and if the root-mean-square (rms) value of the pressure fluctuations 

(Ap; 2 ) 0 · 5 is known, an estimate of each QT, can be obtained. This rms value is, 
however, not known, because from wind tunnel tests we obtain only therms value of 

the external pressure fluctuations (p;2 )0 ·5 . One can expect a positive correlation 
between the external pressures, because of the large turbulence length scales in 

relation to the size of the house, and for this reason it seems probable that p;2 will 

generally be greater than Ap;2. The situation is complicated by the fact that external 
pressure fluctuations acting on large openings are likely to be followed more closely 
by the internal pressure than pressures acting on small openings. Consequently, for 

large openings !lp; 2 is likely to be much less than p; 2 whereas, for small openings, 

/).p;2 could conceivably be greater than p;2. 
Further work needs to be done to obtain an idea of the differences between these 

pressures. For the present calculations we have therefore made some simplifications. 
The rms level of the external pressure fluctuations has been assumed to be uniform 
over the surface of the house, with a coefficient of 0·3. This has been done on the 
basis of the wind tunnel measurements (see section 2.3. I below). It has also been 
assumed that: 

(Ap;2)o-s = 0·5(p;i)o·s 

This factor of one half between the rms levels of the two pressures has been 
arbitrarily chosen to reflect the effect of a positive correlation between external 
pressures. Some preliminary tests which have recently been carried out on the house 
indicate that it is not unreasonable. 

Finally, it has been assumed that ventilation by flow reversal is only significant for 
component cracks. For background openings it has been neglected. The argument 

\ 

for this is that the flow paths through these openings are likely to be longer and r,~o:-~ 
restrictive than for component cracks. It follows that the pressure fluctuations whic.-. 
cause ventilation will be restricted to lower frequencies and the contribution to 
ventilation will be smaller. 

To summarise the above, it is assumed that the ventilation rate of the house can be 
considered as the sum of two components. i.e. that due to mean pressures and that 
due to pressure fluctuations. It is also assumed that the presence of the fluctuations 
does not introduce large errors. into the use of the steady flow equation. These 
assumptions are inherent in any prediction method which uses mean values of the 
external and internal pressure distributions and the steady flow equations to 
calculate ventilation rates. A rigorous treatment of the problem would require 
knowledge of the correlations between the external pressures at the openings, 
because the instantaneous pressure difference across any one opening will be 
influenced by the flows through the other openings. 

2.3. Data required 
The data required for ventilation predictions consist of external pressures and 

details of the openings. The former are obtained from a wind tunnel model and the 
latter from an actual test house. 

2.3.1. External pressures: The external pressures have been obtained from wind 
tunnel tests on a 1/200 scale model of the house and its surroundings up to a radial 
distance of 200 m. In the early report on the method, 2 a 1/50 scale model with only 
the adjacent buildings was used. This may be fairly satisfactory for mean pressures. 
but a much smaller scale is required for measuring fluctuating pressures because of 
the need to match the dwelling size and the length scales of the wind turbulence. 
These scales are generated in the wind tunnel by a coarse turbulence grid and an 
array of toy bricks (Lego) in a similar manner to that described in reference 6. The 
mean velocity profile was set to simulate an urban environment. 

The measurements were made with a differential pressure transducer (Furness), 
with one side connected to the static line of a pitot-static tube mounted in the 
freestream. 

A smaller pitot-static tube was mounted at the same point as the anemometer at 
full scale and this was used to 9btain the relationship between pressures measured at 
this reference point and the freestream reference point. In this way, the surface 
pressures could be expressed in terms of a reference speed U,.r at the same point 
which was used at full scale. There ar.e, of course, inaccuracies in this procedure. The 
small pitot tube is in a highly turbulent flow and will tend to overestimate the local 
velocity. This is perhaps fortuitous because the anemometer at full scale records a 
speed rather than a velocity. It was also necessary to align the small pitot tube with 
the freestream direction and, for the comparison between the predictions and the 
measurements, given below, it has been necessary to assume that the reference wind 
direction is the same as the freestream direction. (To remove uncertainty about the 
local wind velocity it is intended to investigate this further, in the wind tunnel. with a 
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pulsed wire anemometer.) For most cases this is probably a reasonable assumption, 
, . but there are some doubts about westerly winds for which the test site lies 
. cbwnstream oflarge gasholders (see Fig. 1). Incidentally, the gasholders introduce a 

••dther' unique variable into the comparisons, by virtue of the fact that their height 
- varies. This variation was not monitored during the full-scale tests. Most of the 
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Fig. I. Plan of I /200th wind tunnel model. 

pressure measurements on the model were made with the gasbolders at 75 % of their 
maximum height. Tests were, however, carried out on the effects of height variation 
and the changes in surface pressures on the house were generally smaII, although on 
the west face changes of about 25 % were observed. No transition strips were used on 
the gasholders, despite their circular shape. 

Figure 2 is an example of the variation of a surface pressure coefficient, Cpi, with 
wind direction, for two windows, where: 

Cp; =(ii; -P,.r)/J.pU;er 

The values of Cp; for the west face window which are greater than unity might be due 
to inaccuracies in the referencing procedure. 

For measuring p;2 , the reference static pressure was heavily damped by using a 
very long connection in the manometer. Measurements made at one wind direction 

(0°) indicated that it was reasonable to assume a uniform distribution of p; 2
, with a 

coefficient Cp; of O· 3: 

- 2)0-S 
(p; =0·3 

Cp; = -t_pu;er 
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Fig. 2. Variation of pressure coefficient with wind direction for two windows. 

2.3.2. Specification of openings in the test house: All of the purpose-provided 
openings were permanently sealed for the ventilation measurements in the test house 
and so the only openings which need to be specified are component cracks and 
background leakage areas. 

The manner in which the component cracks are specified has been described in 
reference 2. The crack How equation for each crack has been found by a 
pressurisation test. This was done for greater accuracy, but in principle the 
equations can be determined from the crack geometry and physical measurement. 

Pressurisation tests have been carried out to specify the background leakage area 
of each room and the whole-house pressure/How characteristic has also been 
obtained (see Fig. 3). For an early report 2 only one point on this characteristic was 
measured and it was thought desirable to improve on this by measuring several 
points. The latest characteristic has also been measured with the house in its sealed 
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Fig. 3. 'Predicted and measured leakage characteristics of sealed house. 
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state which is more relevant, because it is used to assess the background areas. 
Comparison with the early single measurement shows that it is not compatible with 

• . F ig. 3. This is considered to be due to the fact that, in the intervening period, the 
pethod of sealing the ground floor was changed, as described in reference I. 
· As pointed out in reference 2, it is necessary to specify the distribution of the 
background areas which communicate with the outside. This spatial distribution is 
as important to accurate prediction as the distribution of external pressures. At 
present the background distribution is chosen by a semi-empirical procedure. The 
first step is to ensure that the distribution satisfies the whole-house leakage 
ch.aracteristic. Since there are many distributions which will do this, it is then 
necessary to select a distribution which produces predictions in good agreement with 
ventilation rates measured under a certain condition. For the present work, the 
natural ventilation rates in the unsealed house have been used for this purpose. 
Having determined the distribution the method can then be used to see how well it 
predicts ventilation under other conditions. These conditions are the sealed house 
with natural ventilation and the mechanically ventilated house, sealed and unsealed. 
Thus, although the background distribution is partly chosen to fit some of the 
measured ventilation rates, the other ventilation measurements provide a means for 
assessing the performance of the method. This is an acceptable procedure for the 
development of the method but for general use, of course, the background 
distribution will have to be specified as part of the data input. Future tests on the 
leakage characteristics of dwellings should therefore include an investigation of this 
distribution. One possible method involves the measurement of the leakage 
characteristics of a room or cell with the pressurisation of adjacent cells. When the 
pressure in two cells is made equal no flow will occur across the communicating 
areas. Thus, by elimination, the background areas of each face could be determined. 
At the time of writing this technique was being investigated, but recently some 
results have been obtained . 11 

Calculations have been carried out with about twenty different distributions but, 
for simplicity, only three of these will be considered in this paper. The first, DA, is an 
extreme case and has the total background area (which communicates to the 
outside) distributed over the walls of the dwelling. The second and third, DB and 
DC, are more reasonable as some of the background area is applied to the floor and 
ceiling. These two distributions gave the best agreement of all the distributions 
examined and have therefore been selected for presentation. Table 1 shows the 
distributions in terms of the percentage of the total open area, AT. It should be noted 
that AT is the sum of the 'physical' open areas which are the areas used in the crack 
flow equations. They can be considered as effective crack areas. 

All three distributions give a reasonable prediction of the leakage characteristic of 
the house (see Fig. 3) at low pressures. It was, however, not found possible to obtain 
good agreement over the complete pressure range of the measurements. It was 

TABLE I 
DISTRIBUTION OF BACKGROUND LEAKAGE AREAS 

Distribution 

DA 
DB 
DC 

As component 
cracks 

34 
34 
34 

All figures are percentages. 

Percentage of AT 
As background through: 

External Ceiling to 
walls loft 

66 
34 
10 

0 
20 
28 

Floor to 
basement 

0 
12 
28 

therefore decided to concentrate on pressures below 10 Pa, because pressures 
greater than this will only be rarely encountered at full scale. The reason for the 
inability to obtain a good fit to the measured characteristic is almost certainly 
connected with the approximate nature t>f the crack flow equations for describing 
flows through background areas. 3 

The predictions with DA and DB which are shown first do not include an 
allowance for turbulence. It will be seen, however, that DB gives good agreement, 
thus illustrating the need to describe the spatial distribution of backgrounds. 

For distribution DC the ventilation produced by turbulence was taken into 
account. Using an allowance for turbulence with DB, too large flows were predicted, 
the increase in total ventilation being 10-20 % for the unsealed case . DC has the 
same total area as DB but most of the background areas are assigned to the ceiling or 
floor. 

3. DISCUSSION OF RES UL TS 

The predictions for natural ventilation of the house (unsealed and sealed) are given 
in Figs 4, 5 and 6 for the distributions DA, DB and DC, respectively. The 
predictions of DB with turbulence are shown in Fig. 7. 

Figures 8 and 9 compare prediction and measurement for the three mechanical 
systems (sealed and unsealed) for distributions DB (no turbulence correction) and 
DC. 

Figures 10 and I I show the comparisons for all ventilation conditions for DB and 
DC. 

Finally, comparisons of the ventilation rates for individual rooms (kitchen, 
lounge, bedroom 4) are given in Figs 12 and 13 for distribution DC. 

3.1. Whole-house air change rates 
In each of Figs 4, 5 and 6 showing the natural ventilation results, values of E and a 

are quoted. Eis the average of the differences between all predicted and measured 
points and 11 is the standard deviation of this difference. 



• ~1 c 

... 
.• 

,:., ·t 
0 0 

• 6 
0 

0 2 

•I Un-led House 

R 
lh"11 

0 

b I Sealed House 

2 

Q 
0 • 
0 

• ~ . 
0 0 . 
~ • 

U (mtsl 
4 

,, 
eo •+ 

't, •" ,,~ 
• • 

4 
Ulmtsl 

E: 0.34 
0: 0.59 

6 

E= 0.14 
0: 0.44 

6 

e • iWk~~ ~~~~~!OHS 

Fig. 4. Comparison of measured and predicted natural ventilation rates. Distribution DA. 

R 

r (h·1) 

. 
0 

+ ~ 
.. 

(J '9 

0 

a) Unsealed HOU!le 

R 
(h"1l 

2: 

0 

bl Sealed Hou•• 

~ 

0 + 
0 . e .. 

~· 
0 
• 

4 
U(mts) 

0 

• 60 ·~ 
• 

4 
U(mtsl 

0 0 

E = 0 .22 
o:0.46 

6 

E:0.12 
0:0.31 

6 

Fig. 5. Comparison of measured and predicted natural ventilation rates. Distribution DB. For key see 
Fig.4. 

R I (h-11 o• . 6 . 
·t 0 

0 • 

~ 0 0 + 

0 + " • 

0 2 u (mtol 
4 

a I U nseeled House 

2 

R 
(h "1) 

0 

bl Sealed House 

+ 

• 0 

0 .. 
• o .. 

o o• • • . 
4 

u lmtsl 

Q 0 

E: 0.19 
0 = 0.35 

II 

E=001 
0:023 

6 

Fig. 6. Comparison of measured and predicted natural ventilation rates. Distribution DC with 
turbulence included. For key see Fig. 4. 

R 
(h·11 

R 
lh·') 

2 

~ 
. 
.f 

+ 'ii 
0 

rj, 

0 2 

a) Unsealed House 

% 

0 2 

b) SHled House 

. + . 0 0 
0 . . 0 .. 0 . 

t.) • 

l'I EEQ,36 

• a :0.44 

4 6 
U (m/s) 

0 

• ii+ ... ~ . ,, 
• E:0.14 

o: 0.28 

.___._ 
4 8 

U(mts) 

Fig. 7. Comparison of measured and predicted natural ventilation rates . Distribution DB .with 
turbulence. For key see Fig. 4. 



. . .. 
-. :.. ~ 

.. 
~ .. 
~ . 

• 0 

• ~-·, I • + 
Q 0 1' 

0 1 

0 2 4 
U(mts) 

6 

a) E1r.trect Syatem 

,:., :r 
• 

0 .. + ... ~ • 

0 2 4 6 
U(m/s) 

bl Supply Syatem 

R 
(h"'> 

2 

1 

0 

• 
+ xo •o •x •+ 

2 4 6 
U (m ts l 

IPredtcted 

c I Balanced Supply and E•lract System 

I + 

Fig. 8. Comparison of measured and predicted mechanical ventilation rates. Distribution DB. 

R 
(h"') 

2 

• 
1 

0 2 

a I Extract System 

• 

• + 
Ill 

D o x 
0 

4 
U(m/s) 

R 
<h-1 1 

0 'f..~ 
.. + . -

1 

0 2 4 
U(m/9) 

bl Supply Sy•lem 

R 
(h"') 

1 

• 
+ xD "-•x lO 

• 

6 

6 

0 2 4 6 
U(m/s) 

cl Balanced Supply and Extract System 

Fig. 9. Comparison of measured and predicted mechanical ventilation rates, turbulence included. 
Distribution DC. For key see Fig. 8. 

3 

2 

z: 

II: 

Q 
w ... 
C.J 
i5 
"' a: 
"-

0 

// 

• // 
• 

• / 0 

a 
• 0 • 

/ 
,6 • 

/ 0 
a • • 

cfl , o D 

• 
0 • 

• • 0 

0 0 '\ 

7 0 
o/O .0 0 

• 0 

0 /o 
0,/6 

/ 

2 

MEASURED R lh "1 ) 

Se•led 

• 
• 

J 

Fig. 10. Direct comparison of predicted and measured ventilation ra<es for all conditions. 
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Considering first those predictions without a correction for turbulence, it seems 
clear from the values of E and u that distribution DB is superior to the more simple 
case of DA. 

The agreement for DB is considerably improved if the results for the wind 
directions lying within the range 220° to 280° are omitted from the comparison . 
These points are identified in Fig. 5 and the predictions considerably exceed the 
measurements. This is felt to be connected with the fact that for westerly winds the 
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house lies downstream oflarge gas holders (see Fig. l). Very sharp peaks occur in the 
wind tunnel pressure coefficients and these are unlikely to be experienced at full scale 
over the complete time period of the ventilation measurement. Consequently, some 
overestimation by the prediction method is to be expected . However, even when 
calculations were made with a smoothed peak, the overestimations were still 
apparent so this is probably not the complete explanation . 

When a correction for turbulence is made to the predictions with DB (Fig. 7) the 
agreement becomes relatively poor. Much better agreement is obtained with 

distribution DC (Fig. 6) and it is worth noting that the westerly wind results c;· ;; 

considerably improved. This indicates that distribution DC is closer to reality than 
DB. To a certain extent this seems reasonable, because a visual inspection of the 
house indicates that its floor and ceiling are more leaky than the walls, despite the 
extensive sealing measures on the floor. On average there is little to choose between 
DB and DC. For individual points there are, however, large differences between the 
predictions. 

Turning to the predictions for the mechanical systems (Figs 8 and 9), it can be seen 
that the agreement with the measurements is quite good for both DB (no turbulence 
correction) and DC. On average the best agreement is found for the calculations 
with DC. It is particularly good for the extract system, for both unsealed and sealed 
cases. 

The overall performance of the method with the two distributions can be judged 
from the plots of predicted against measured values of R given in Figs I 0 and 11. For 
the DB calculations, the standard deviation of the ratio (predicted to measured) is 
0·50. For the DC calculations, it is 0·39. Bearing in mind the wide range of 
ventilation conditions and magnitudes (0·5 < R < 2·5) included in the com­
parisons, both these results are considered very encouraging. 

3.2. Room ventilation rates 
The ventilation rate of a room is defined as the flow rate of fresh (i .e. outside) air 

entering the room, QF, · As noted in reference I. the measurement technique adopted 
for the full-scale tests allowed values of QF, to be obtained. but these are likel y to be 
subject to larger errors than the values of R. This is reflected in the comparisons 
between the predicted and measured values of QF,• which exhibit much less 
agreement than the comparisons for R. 

The predictions with distribution DC for three rooms (kitchen, lounge and 
bedroom 4) are compared with the measurements for natural ventilation (unsealed) 
in Figs 12 and 13. Points which lie on either of the axes correspond to the case where 
no fresh air is entering the room. For these points there is not only a difference in the 
magnitudes of the predicted and measured flow rates. but also in their directions. 

The predicted QF, will be highly dependent on the exact placement of the 

background areas. There is, for instance, uncertainty in the locations of the areas in 
the flooring. Figure 12 shows the comparisons of two arbitrary, although 
reasonable, choices: (i) all background areas located in the kitchen and (ii) 
background areas divided equally between the kitchen and the lounge-dining room. 
The latter is seen to produce better agreement. -

Overall the prediction of the room air flow rates is not as good as could be hoped . 
Nevertheless, in view of the possibly farge errors in the measurement, even this 
agreement is encouraging. It is worth noting that the agreement improves when 
comparisons are made with the total flow to each floor. and improves again when the 
whole house air flow is considered. This, again, indicates the importance of the 
location of the background areas. 
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4. FURTHER COMPARISONS WITH RECENT MEASUREMENTS . . 

-~~)-~~ore accurate measurements have recently been made in the test house using the 
"n~w measurement technique described in reference 7. This is a constant 
concentration technique and gives room fresh air entry rates explicitly. 

The comparisons which have been made for these tests are very encouraging. For 
the whole house air change rates there is improved agreement, although it must be 
noted that the range encountered is less (see reference 12). For the room rates the 
agreement is very much improved, as can be seen by comparing Fig. 14 with Figs 12 
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Fig. 14. Comparisons between predicted and measured room fresh air entry rates using data obtained 
with the new measurement technique. Distribution DC. 

and 13. Figure 14 shows some of the recent comparisons which have been made for 
four upstair rooms. It seems clear that much of the scatt.er in Figs 12 and 13 is due to 
errors in the measurements, rather than to limitations of the prediction method . 

5. CONCLUSIONS 

There are four main conclusions to be drawn from the present comparisons. 
First, the method is apparently capable of giving good agreement with 

measurements for a very wide range of ventilation conditions. These cover cases 
where stack effect, wind effect and/or mechanical systems are operating, and cases 
where component cracks are either sealed or unsealed. Although it must be 
remembered that the accuracy of the measurements is not high, the agreement which 
has been obtained is very encouraging. 

Secondly, good agreement has been obtained by selecting distributions for '.:-- c 

background leakage areas from many possible distributions. To make proper use of 
the prediction method, a means of measuring the background distribution must be 
found so that it can form a true part of the data input. The calculations which have 
been carried out indicate that it is important for accurate predictions that account be 
taken of this spatial distribution, even if a distinction is only made between floors , 
walls and ceilings. For houses with low background leakage good agreement should 
be easier to obtain. Thirdly, the agreement for the individual rooms is not as good, 
but is still encouraging. The background area distribution is more important and 
needs to be known for each room. 

Fourthly, similar agreement has been found with and without accounting 
approximately for turbulence. This has, however, only been achieved with different 
background area distributions. The predicted effect of turbulence is often large and 
background distributions which gave good agreement when turbulence was 
neglected must presumably be considered fortuitous. This is another good reason 
for investigating background distributions. Further work must be done to 
determine more about the effects of turbulence on ventilation . Several assumptions 
have been made in accounting for turbulence in the prediction method. Although 
certain approximations will always have to be made (at least in our method where 
quasi-steady flow is a basic assumption) there is definitely scope for improvement. 
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