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In an energy efficient house with high insulation standards, the 
ventilation system must be designed. The main design criteria is 
that the ventilation rates be maintained close to the required 
minimum level throughout the heating season. Yet because SO 
little understanding was required and achieved about the 
performance of natural ventilation in traditional houses, it was, 
in the mid-19708s, difficult to know where to start from, to 
design for natural ventilation in energy efficient houses. The 
conventional wisdom at the time was that low infiltration rates 
were achieved by using high performance (energy efficient) 
components and sealing up as much as possible of the gaps and 
cracks in' the outer wall, and then to rely on the remaining gaps 
to provide the minimum ventilation level by infiltration. Not 
surprisingly, in many cases, this method did not work, stuffiness, 
stagnation and condensation occurred and the initial low energy 
houses did not achieve their 'ventilation' aspirations. From the 
results of these early houses, it was argued that designing a 
ventilation system for a naturally ventilated energy efficient 
house was not simply a matter of designing methods for reducing 
the whole-house ventilation rate, say from 4 ac/h to - 5  ac/h, by 
applying a 'blanket' of sealing measures. Adequate ventilation 
is an essential component of the internal physical environment 
and a minimum standard must be maintained, not only in the house 
as a whole but distributed in a way appropriate to the require- 
ments of individual spaces. The ventilation performance of a 
house therefore is not only determined by the distribution of 
cracks and the level of window opening, it is also fundamentally 
a product of the spatial layout. In order therefore to arrive 
at a design methodology for natural ventilation, air flow 
patterns within the house envelope must be measured and 
understood. 

For this reason, ventilation studies were included in,and formed 
an important part of the Abertridwr pro jectl I 2  ' ' 4, the main 
objective of which was to assess the cost benefits of additional 
levels of insulation. To this end two groups of houses were 
used, 19 insulated to Part F of the Building Regulations 1975, 
and 20 insulated to what is now Part F, 1982. In the design of 
these houses, the ventilation was achieved in the traditional 
manner by choosing good quality components and draught-stripping 
the doors and windows. The houses were therefore ideally suited 
for a case study on the ventilation performance of highly 
insulated energy efficient houses. 

This paper briefly describes the Abertridwr Project as a whole. 
It then describes the sequence of ventilation experiments 
within the project carried out over a period of four and a half 
years and summarizes the major results. 

It describes how as a result of the first stage of ventilation 
experiments, modifications were made to a number of houses, in 
that 'trickle' ventilators were installed. The results of these 
modifications are next discussed. 



Finally, conclusions are drawn, and suggestions made concerning 
a methodology for the design of natural ventilation systems in 
low energy houses. 

2 .  DESCRIPTION OF ABERTRIDWR PROJECT 

The project involved the physical and social monitoring of thirty 
nine occupied houses sited in Abertridwr, South Wales. 

The houses are three-bedroomed, terraced (Fig-I), owned by the 
Housing Association, and are heated by gas fired, low-pressure 
central heating systems. ' ' ' 

The project had two main objectives: 

1. To assess the effects of better insulation standards in 
houses together ~ith~appropriately smaller heating systems 
in providing comfort conditions at lower energy costs.* 

2. To measure the operating efficiencies of domestic gas-fired 
central heating systems.** 

To achieve these objectives, twenty houses (Better Insulated [BI] 
houses= were designed with higher standards of insulation 
compated with the remaining nineteen houses (the control houses) 
in the form of: - 

(a) Dry lining wall insulation (a method considered appropriate 
to the exposed conditions) 

(b) Double thickness of roof insulation 

(c) A border slab of floor insulation embedded in the 
concrete base. 

The overall steady state fabric heat loss of the test houses is 
reduced by approximately 30% compared to the control houses. 

In addition, the heating system in the test houses is 
appropriately smaller, employing an 8.3 kw boiler compared with 
the 14.7 kw boiler of the control houses. The number of the 
radiators was also matched to the reduced fabric losses in the 
BI houses, there being originally no radiators in the bedrooms. 
However, the controls are the same in both BI and control houses. 
A programmable clock allows two 'on' periods per day. Ther is a 
room thermostat in the living room which controls the boiler and 
pump. All other radiators have thermostatically controlled 
radiator valves fitted. The heating system is also used, in both 
groups, to provide domestic hot water. 

* Sponsored by Department of Environment, Housing Development 
Directorate 

** Sponsored by Science and Engineering Research Council 



FIGURE 1 ABERTRIDWR HOUSE - PLAN AND ELEVATION 

Finally, traditional draught-stripping measures have been 
employed in both BI and control houses to reduce ventilation 
losses through infiltration, 

Physical data has been collected by means of the continuous 
monitoring of energy inputs, internal air temperatures, external 
climate and boiler efficiency parameters. Values are stored on a 
five-minute time scale though the measurement associated with 



boiler efficiency are measured every twelve seconds and then 
averaged over the five minute period. In the order of 800 
measurements are stored every five minutes. 

Social data is collected by means of interviews with the 
occupants concerning the daily patterns of occupation and 'energy 
use1 of the houses. In addition, information has been collected 
concerning comfort conditions, knowledge of the control system, 
previous heating experience, condensation problems and faults 
with the heating system. 

Additional information has been provided by: 

(a) Measurements of ventilation rates 

(b) Thermography surveys* 

(c) Experiments in unoccupied houses 

One BI house (the test house) has been occuj?ied by the project 
team for the duration of the project and this house has been 
used to carry out 'controlled' experiments. 

The project was in full operation from September 1980 (although 
monitoring and experiments had proceeded on a reduced sample 
since 1978) and ended in September 1981. (A more detailed 
description of the project and initial results are reported 
elsewhere 11213,4) 

Since September 1981 the Abertridwr houses, together with the 
monitoring system, have been used for two further projects. One 
involving a study of incidental gains in houses*" and the other 
demonstrating the performance of trickle ventilators***. The 
later project is described in Section 5 of this paper. 

3. VENTILATION EXPERIMENTS 

3.1 Measurement Programme 

The first objective of the ventilation measurements programme, 
carried out under the Abertridwr Project, was to determine the 
ventilation characteristics of the Abertridwr Houses. 

As our understanding of the ventilation performance of the houses 
developed over the four and a half years and as modifications 
were carried out to the ventilation system, the objectives of the 
experiments changed in their emphasis. 

* Thermography surveys were carried out by British Gas 

** An Investigation into the Effective Use of Incidental Heat 
Gains in Dwellings (funded by SERC) 

*** Monitoring the Performance of Trickle Ventilrators ( funded by 
BRECSU) 



In measuring the ventilation characteristics of the houses the 
following experimental techniques have been used by the 
organisations concerned (Building Research Establishment [BRE] , 
British Gas [BG] , and UWIST) . 
To determine the whole-house and room infiltration rates, Tracer 
Decay methods were used by BRE, while BG used their Autovent 
technique together with a limited number of Tracer Decay Tests. 

Conventional pressurization techniques have been used to determine 
the leakage characteristics of the houses. In addition a method 
developed'by BG was used (by BG) for determining the area leakage 
distribution5. 

The first experiments were carried out by BRE in March 1978 and 
their objectives were to assess the general ventilation 
characteristics of the houses. They performed Pressurization 
measurements in eight houses, four BI houses and four control, 
and extensive Tracer Decay measurements in one of the BL houses 
(house 2). 

In January 1979 BRE performed further leakage tests on three of 
the houses that had been tested the previous year, the objectives 
being to obtain a measure of any increases in leakage over the 
first year of occupancy. 

British Gas carried out ventilation experiments in February and 
March 1980. They included twelve houses in their programme. In 
these twelve houses they performed Pressurization tests and a 
small number of Tracer Decay tests. In one of the BI houses 
(the test house - house 1) they performed extensive Tracer Decay 
tests using the Autovent technique. The objective of this 
programme of experiments was to give a further insight into the 
ventilation characteristics of the houses covering a larger 
sample than had previously been used, and again to measure any 
change in leakage with age. In particular, the Autovent 
technique enables the ventilation patterns of a house to be 
investigated. 

As a result of this first series of experiments trickle vents 
were installed in the test house and 2 other houses in order to 
try and produce an improved ventilation distribution pattern, and 
in an attempt to alleviate the problems of condensation. 

In February 1981 British Gas carried out ventilation and leakage 
distribution measurements on the test house in order to determine 
what differences the trickle ventilators made to the house 
ventilation pattern. 

In July 1982 UWIST carried out air leakage tests on nine of 
eighteen houses which had hadtrickle ventilators installed during 
February, 1982, to measure the air leakage of the houses with 
trickle ventilation. This last set of measurements formed part of 
a new project, demonstrating the performance of trickle 
ventilation, 



Table 3.1 summarizes the programme of ventilation experiments 
performed in the Abertridwr houses. 

TABLE 3.1 SUMMARY OF EXPERIMENTAL PROGRAMME 

Organization* 

12 (1 ~utovent) 12 

1 (Autovent) 

*Measurements were performed by Building Research 
Establishment [BRE] , British Gas [BG], and UWIST. 

Results 

(a) Air Leakage Measurements 

Fou~ whole-house air leakage surveys were carried out over a 
four and a half year period. The results are summarized in 
Table 3.2. 

TABLE 3.2 SUMMARY OF WHOLE HOUSE AIR LEAKAGE TESTS ( m 3 / s )  

Where whole house infiltration rates were available they have been 
included in brackets (ac/h) . Infiltration rates for houses, other 
than house 1 in 1980 are each from a single Tracer Decay test. 



The 1978 BRE survey was carried out shortly after the houses were 
constructed. The results show that the control houses are on 
average (21%) 'tighter' than the B.I. houses. This was attributed 
to the dry-lining construction of the B.I. houses. 

Further measurements by BRE on three of the houses in 1979 showed 
a dramatic increase in whole-house leakage during the first year 
of occupation. This was probably caused by the drying out of 
timbers etc., and warping of doors and windows. 

Leakage measurements taken over the following three years show 
surprisingly little change in levels. 

Room leakage measurements were carried out by BG in 1980 on house 
1. (The results are presented in Figure 4.1). As each room was 
measured the rest of the house was maintained at the same 
pressure, so that the results represent only the leakage to the 
outside. The landing, hall and bathroom exhibit the largest 
leakages. This is not surprising if the results of 1978 BRE 
component leakage measurements of house 2 are considered (Fig.3.1) 

Skirting 
Boards 1 24% 

FIG. 3.1 Distribution of Air Leakage in house 2 (@ 50pa) 

The majority of leakage was attributed to service entry, and 
general cracks. The bathroom has a large amount of pipework 
entering. The hall and landing have a relatively large amount of 
external wall area plus the front door which, from measurements 
made, has the largest single component crack area. Observation 



of air flow patterns, using smoke detection, have identified the 
predominant air flow route to be in through the hall and 
sometimes the bathroom and out through the bathroom, landing 
area and bedrooms. 

Although the BG leakage tests were performed on different houses 
it is, from experience with the house construction, believed that 
the major components of leakage will be the same. 

(b) Air Infiltration Measurements 

The results for average infiltration rates, from the 1978 and 
1980 measurements are presented in Table 3.3 for two houses 
(houses 1 and 2), in which extensive measurements were carried 
out. Values of whole house infiltration rate for ten other 
houses have been included (bracketted) in Table 3.2, although 
they were calculated each from a single decay test and will 
therefore not be as accurate. 

TABLE 3.3 AVERAGE INFILTRATION RATES OF TWO HOUSES 

R = infiltration rate U = wind speed T = Inside/Outside temp. 

It can be observed from the two tables that the average 
infiltration rate, over a range of external conditions, is in 
the order of +ac/hr. 

From the extensive measurements performed on houses 1 and 2, the 
dependance on external conditions have been analysed. The stack 
effect was found to dominate in determining the air infiltration 
for all wind directionsexcept when the wind was on the front of 
the house. Figure 3.2 shows the relation between infiltration 
rate and stack effect for all wind directions except, when the 
wind was on the front of the houses. Figure 3.3 shows the effect 
of wind speed for a constant stack effect. The yraphsinclude 
the data points from the 1980 BG survey, while the results from 
the 1978 BRE survey are represented by regression lines. 

From the 1978 survey the infiltration rate was found to be 
highest for periods when the wind was on the front of the house. 
&-I average infiltration rate of 0.67 ac/h was calculated for an 
average wind speed of 4 m/s. However, most of the time the wind 
was either parallel to, or an the rear of, the house and for 
these cases the average infiltration rate was calculated to be 
0.4 ac/h for an average inside/outside temperature difference of 
13.6OC. The average infiltration rate for all wind directions 



was calculated t o  be 0.49 ac/h. This was considered t o  be low a t  
the time compared t o  other modern Br i t i sh  houses. 
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STACK E F F E C T m  (9( t )  

FIG.  3.2 Whole House Ventilation Dependance on Stack Effect. 
Wind Direction:- A l l  but  179-229 Degrees. 
A l l  Wind Speeds. 
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FIG.  3 . 3  Whole House Ven t i l a t i on :  E f f e c t  of Wind Speed For 
Constant Stack E f f e c t .  



The differences between the infiltration rates in houses 1 and 2 
were not as significant as the differences in their leakage. The 
infiltration is dependant on the distribution of leakage with 
regard to the external pressure distribution. Although the major 
components of leakage are likely to be the same in both houses, 
their relationship to the pressure distribution on the building 
shell is likely to be different. This factor, together with the 
different wind conditions during each test, and bearing in mind 
the difference in measurement techniques was considered the major 
reason for the lack of correlation between the leakage and 
infiltration results. 

Room ventilation measurements were carried out in the 1978 and 
1980 surveys. The results are presented in Table 3-4. 

TABLE 3.4 ROOM FLOW RATES* 

Kitchen Landing Hall Bath W.C. B1 B2 B3 

0.27 0.59 1.29 2.3 1.6 0.29 0.45 0.27 

The results which are again for different houses, are for two 
methods of measurement - the 1978 BRE survey measuring air change 
rates and the 1980 BG survey measuring fresh air entry. However, 
the methods do complement one another. The results from the 1980 
survey show the hall and bathroom as having the largest fresh air 
entry, whole the bedrooms have very low amounts of fresh air 
entry. The 1978 survey shows the hall and bathroom having large 
air change rates with the bedroom having a reasonable air change 
rate. The two surveys together again identify the dominance of 
the stack effect in determining the ventilation characteristics, 
with fresh air entry by the hall and bathroom (probably via the 
bathroom floor where there are large service gaps) and leaving, 
to s m e  extent via the bedrooms, where the air change rates 
are noticeaAly higher than the ventilation rates. 

During the 1980 survey the effect of window opening, and the open/ 
closed status of internal doors, on ventilation rate, was 
measured. A very limited number of measurements were carried out 
for various combinations of window and internal door opening 
patterns. The results are summarised in General terms in Table 
3.5. 

* The ventilation rate is the amount of fresh air entering the 
room from outside, whereas the air change rate is the total air 
change of the room including air entry from other rooms. 



TABLE 3.5 EFFECT ON VENTILATION OF OPENING WINDOWS 
AND INTERNAL DOORS 

Window opening 

I At same level on one wall I Infiltration rate X 2 

At different levels on 
011 e wall 

On both walls I1 " X 4  

All internal doors closed I Ventilation rate X 0.6 

Because of the limited nature of the measurements there are 
obviously large uncertainties associated with the values quoted. 
However, they do contribute to the general understanding of the 
ventilation performance of the houses. 

3.3 Discussion 

The main results from the first series of ventilation 
measurements (1978 - 1980) can be summarized as follows: 

It was observed that there was a imrked increase in leakage rates 
during the first year of occupation. Since then there has been no 
comparable increases, and the leakage seems to have levelled out. 

The average whole house infiltration rate of the houses was found 
to be about 0.5 ac/hr. This value is probably as low as can be 
achieved with traditional building techniques. However, though 
the whole house average infiltration rate can be considered 
satisfactory, in terms of satisfying ventilation requirements and 
being 'low' in energy terms, the individual room ventilation rates 
are often extremely low. The main air flow pattern has been 
identified as air coming in through the hall, going up the stairs, 
and out through the landing area, with the bathroom acting as an 
entry and/or exit according to outside conditions. The 
ventilation of the living room and bedrooms is often low with 
very little fresh air intake. This is an important observation, 
for three reasons. (i) Low infiltration rates could encourage 
occupants to open windows and thereQy 'overventilate'. (ii) Two 
bedrooms in the BI houses depend on convective gains frola the 
rest oE the house as their major heat source. (iii) There have 
been a number of cases of serious condensation reported. 



4. VENTILATION USING TRICKLE VENTILATORS 

The initial series of measurements identified the need to improve 
the pattern of ventilation and at the same time reduce the risk 
of condensation, As a possible solution it was decided to test 
the performance of 'trickle ventilators' in three houses. Fine 
tune slot ventilators were fitted to the frames of all the windows 
in one BI house, the test house, (which was to undergo extensive 
tests), and in selected areas in two other BI houses where 
condensation was considered to be a serious problem, i.e, mould 
growth. 

The main objective of this experiment was to improve the 
distribution of ventilation in the houses, increasing the level of 
ventilation to the bedrooms and living rooms and decreasing the 
levels in the ~all/landing and bathroom while maintaining the 
whole house ventilation rate the same, It was decided to use 
temporary sealing measures to produce the required decreases in 
ventilation. The measurement programme was carried out in 
February 1981 - 

(a) Leakage Measurements 

Leakage measurements performed on the test houses before the 
application of sealing, measures showed an increase of about 10% 
in leakage compared to the 1980 survey. Sealing measures in the 
hall, bathroom and W.C. produced a 20% reduction in whole house 
leakage compared to the 1980 survey. 

Measurements performed with the trickle ventilators open and then 
closed, revealed only a 3% difference in leakage. 

Measurements of room leakage are presented in Figure 4.1, and 
compared with the measurements from the 1980 survey. The figure 
illustrates the redistribution of air leakage as a result of the 
installation of ventilation and sealing measures. 

(b) Infiltration Measurements 

The whole house infiltration rate was measured to be 0.54 ac/h 
for mean wind speeds of 1-63 m/s and a mean stack temperature 

0 
difference of 18-6 C. 

Measurements of individual room ventilation rates are given in 
Table 4.2 and compared to the measurements from the 1980 survey. 
They are averaged for vents open and closed and show the effect 
of the sealing measures. The overall patterns are different with 
decreases in the hall and bathroom rates. The bedrooms are not 
significantly changed although measurements of air change rate 
show that for bedroom 1 with vents open, although the ventilation 
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F I G .  4.1 Leakage Dis t r ibut ions  

r a t e  is s t i l l  low the  a i r  change r a t e  is  r e l a t i v e l y  high (0.9ac/h 
compared with 0.29 ac/h i n  house 2/1978 ( T a b l e  3.4).  

TABLE 4.2 ROOM VENTILATION MEASUREMENTS 

0.23 0.29 0.2 2.05 2. 

e n t i l a t i o n  r a t e  



(c)  Discussion 

To a c e r t a i n  e x t e n t  the  des i red  changes i n  the  d i s t r i b u t i o n  of 
v e n t i l a t i o n  have been achieved, with the  vents ,  when open, being, 
able  t o  draw a i r  i n t o  the rooms t h a t  previously were poorly 
ven t i l a t ed .  The bedrooms now a r e  able t o  achieve a higher a i r  
change r a t e .  This improves the  v e n t i l a t i o n  of these rooms and 
a l s o  improves t h e  convective h e a t  gains from downstairs. 

The combination of v e n t i l a t i o n  and sea l ing  measures have resu l t ed  
i n  a r e d i s t r i b u t i o n  of open a r e a ,  There has been an upward s h i f t  
i n  n e u t r a l  plane with r e spec t  t o  the  s tack  e f f e c t .  The ki tchen 
has now become a major source of a i r  ent ry .  This could cause 
problems i n  s o  f a r  a s  the  k i tchen is a l s o  a source of moisture, 
and being i n  the  path of a major v e n t i l a t i o n  route ,  the  moisture 
would be more e a s i l y  t r a n s f e r r e d  t o  cooler  spaces where 
condensation might occur. I n  h inds ight ,  s ea l ing  the  h a l l  might 
have been inappropr ia te .  The h a l l  is r a t h e r  s u i t a b l e  a s  a major 
a i r  e n t r y  po in t ,  It i s  not  normally occupied, has no moisture 
producing a c t i v i t i e s ,  and can a c t  a s  a buf fe r  zone and 
d i s t r i b u t i o n  path  f o r  the  occupied rooms. 

The remaining two houses which had had t r i c k l e  v e n t i l a t o r s  
i n s t a l l e d  showed a marked reduction i n  condensation l eve l s .  

5. DEMONSTFUiTING THE PERFORMANCE OF TRICKLE VENTILATORS 

A s  a r e s u l t  of these  i n i t i a l  tests the  Abertridwr site was chosen 
t o  h o s t  a demonstration p r o j e c t  on the  performance of t r i c k l e  
v e n t i l a t o r s ,  

Eighteen houses had t r i c k l e  v e n t i l a t o r s  i n s t a l l e d  i n  a l l  window 
frames during February 1982. There were th ree  object ives t o  the  
experiment: 

1. To assess  the  degree t o  which they were successful  i n  
reducing condensation l e v e l s .  

2. To assess  any energy 'penalty '  due t o  any increase i n  
i n f i l t r a t i o n  r a t e s .  

3 .  To observe any change i n  window opening, and any energy 
savings r e s u l t i n g  from reduced window opening. 

Data on energy consumptions f o r  each house was ava i l ab le  f o r  the  
before (October 1981 - February 1982) and a f t e r  (March 1982 - 
May 1982), t h e  i n s t a l l a t i o n  of vents ,  periods.  Window opening 
surveys were c a r r i e d  o u t  during the before  and a f t e r  periods.  
Socia l  da ta  was co l l ec ted ,  on use of windows/vents and occurrence 
of condensation, throughout the  October 1981 - May 1982 period. 
Measurements of a i r  leakage were performed on nine houses i n  
Ju ly  1982. 



5.1 A i r  Leakage 

I n  order  t o  a s sess  the  l i k e l y  change i n  v e n t i l a t i o n  cha rac te r i s t -  
i c s  due t o  t h e  t r i c k l e  vents ,  a i r  leakage measurements w e r e  
performed on t e n  houses. The r e s u l t s  are given i n  Table 4.1. 

TABLE 4.1 

The increase  i n  a i r  leakage due t o  opening the  vents is low, an 
average o f  7.1% @20pa and 9.1% @ 50pa. The values of leakage with 
the  vents  closed compare favourably with those of previous 
measurement programmes (see  Table 3.5) . 
In  view of these  measurements it is unl ike ly  t h a t  the  v e n t i l a t i o n  
r a t e s  would be increased by more than the  order  of 10% by opening 
a l l  vents ,  

5.2 Energy Consumption 

Energy consumption f o r  a l l  39 houses were compared f o r  t h e  before 
i n s t a l l a t i o n  of  vents  and a f t e r  periods.  Figure 5.1 shows the  
monthly normalized res idua l s  f o r  energy consumption f o r  one house 
(house 14 which has the  h ighes t  measured increased a i r  leakage).  
There is no evidence of any change i n  energy consumption due t o  
the  ven t i l a t ion .  There was s imi la r ly  no s i g n i f i c a n t  change i n  the 
energy consumption i d e n t i f i e d  i n  any of the  houses, which could 
be a t t r i b u t e d  t o  the  i n s t a l l a t i o n  of the  vents.  



F I G .  5.1 Monthly normalized residuals of energy consumption 
" C for  space heating for  house ( L .  

5.3 Window Opening 

Information on window opening was collected i n  two ways. 

1. Occupants were interviewed about t h e i r  window opening 
habi ts .  

2.  Window opening surveys were carr ied ou t  by d i r ec t  
observation. 

Interviews suggest t h a t  where there has been modifications t o  
window opening because of the  presence of vent i la tors  it had 
mainly been during evenings and the night. Eleven ou t  of 17 
residents say they had, on occasions, reduced window opening 
because of the vent i la tors .  A s  window opening habi ts  a re  
acquired through pas t  experience one would expect change t o  be 
gradual. We found some evidence t h a t  there is a learning process 
as  occupants, through experience, come t o  r ea l i s e  t h a t  the  
ven t i l a to rs  provide a viable a l te rna t ive  t o  window opening. This 
evidence is so f a r  anecdotal. For example, residents re fe r r ing  
t o  recent experience of using the ven t i l a to rs  a s  a subs t i tu te  t o  
window opening and expressing surpr ise  a t  t h e i r  effectiveness.  

Occupants were pleased with t he  vent i la tors .  They had ra re ly  
used them to  ' f ine  tune' the vent i la t ion.  The usual pa t te rn  was 
t o  leave them permanently open. Occasional exceptions t o  t h i s  
were the use of the l iv ing room and main bedroom (both of which 
are  cross ven t i l a ted) .  The l i v ing  room vents were more l i ke ly  t o  



be adjusted and more l ike ly  t o  be closed. 

Existing vent i la t ion hab i t s  appear t o  be changing, a l b e i t  slowly, 
with the  introduction of the  t r i c k l e  vent i la tors .  

The window opening surveys carr ied out  f o r  4 weeks before and 4 
weeks a f t e r  i n s t a l l a t i on  have shown no c lear  pat tern  of change. 
However, these surveys were only carr ied ou t  during the daytime. 
It was considered inappropriate t o  conduct the survey during 
evenings and night time a s  it might have been considered an 
infringement on the occupants privacy. 

5.4 Reduction i n  Condensation Levels 

The most posi t ive  r e s u l t  t o  come from the experiment so  f a r  is the  
reduction i n  condensation leve ls .  

A survey was carr ied out  on seventeen of the houses which had had 
t r i c k l e  vents i n s t a l l ed  i n  order to  determine the e f f e c t  of 
t r i c k l e  ven t i l a to rs  on condensation levels .  The occupants from 
twelve of the houses reported t h a t  the vents had helped reduce 
condensation problems. Occupants from remaining f ive  houses, 
reported t h a t  they had never had condensation problems t o  begin 
with. 

5.5 Conclusions 

(i) There is  no detectable space heating energy penalty as  a 
r e s u l t  of i n s t a l l i ng  t r i c k l e  vents. This implies t h a t  any 
increases i n  i n f i l t r a t i o n  r a t e s  due t o  the vents (estimated 
a t  l e s s  than 10%) is small i n  energy t e r m s .  

(ii) There i s  evidence t h a t  condensation levels  have been 
reduced. 

(iii) There i s  no posi t ive  reduction i n  window opening a s  ye t  
iden t i f i ed ,  however, there is some evidence of a learning 
process. Not surprisingly,  i n  view of the previous 
findings,  there is no evidence of any energy savings yet ,  

( iv )  The 'open area '  associated with t r i c k l e  vent i la t ion 
although large enough t o  a l l ev i a t e  condensation 
problems, is  suf f ic ien t ly  small so  a s  not t o  incur 
a s ign i f ican t  energy penalty. 

6 .  DESIGN METHODOLOGY 

A successful methodology fo r  the design of a naturally venti lated 
house would: 



(a)  Keep the  whole house v e n t i l a t i o n  r a t e  down t o  t h e  minimum 
required.  

(b) Ensure minimum leve l s  appropriate t o  each space. 

Such a system would require:  

(i) Sui tab le  a i r  en t ry  and e x i t  points  f o r  each space. 

(ii) Sui tab le  interconnection between space f o r  the  necessary 
a i r  flow p a t t e r n s  t o  be es tabl ished.  

(iii) That the  combination of (i) and (ii) would provide a 
v e n t i l a t i o n  system which could opera te  e f f e c t i v e l y  under 
t h e  varying condit ions of s tack and wind. 

The proposed design methodology i s  a s  follows: 

F i r s t l y ,  i n f i l t r a t i o n  should be  reduced by a general ly ' t i g h t '  
construction.  

Secondly, open areas  should be re-introduced t o  the  ex te rna l  
walls  of the  house by means of t r i c k l e  v e n t i l a t o r s .  

Thirdly, t h e  required a i r  d i s t r i b u t i o n  should be achieved, 
according t o  t h e  s p a t i a l  layout ,  by e i t h e r :  

(i) using the  s t a i r w e l l  a s  t h e  main d i s t r i b u t i o n  duct  ( a s  
a t  Abertridwr) 

(ii) i f  the  i n t e r n a l  design does not  allow (i), then t o  
introduce ducting t o  ob ta in  the  necessary (possibly 
fan  a s s i s t e d )  a i r  d i s t r i b u t i o n .  

I f  the  r e s u l t i n g  d i s t r i b u t i o n  pa t t e rn  includes t h e  ki tchen and/or 
bathroom a s  a i r  en t ry  points ,  ex t rac t ion  fans  can be used t o  g e t  
r i d  of moisture a t  source. The r i s k  of condensation i n  o the r  
spaces i s  a l l e v i a t e d  by t h e  use of t r i c k l e  ven t i l a t ion .  

It i s  not  envisaged t h a t  des i red  v e n t i l a t i o n  pa t t e rns  w i l l  
determine the  design of t h e  s p a t i a l  layout. I n  energy e f f i c i e n t  
design the  primary determinant of s p a t i a l  layout  w i l l  be  the  
' s ens ib le '  use of heat .  Once the  s p a t i a l  layout  has thus  been 
determinedthe v e n t i l a t i o n  system can be designed around it i n  
the  way spec i f i ed  above. 
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