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PREFACE 

International Energy Agency 

In order to strengthen cooperation in the vital area of energy policy, an Agreement on an 
lnternational Energy Program was formulated among a number of industrialised countries in 
November 1974. The lnternational Energy Agency (IEA) was established as an autonomous body 
within the Organisation for Economic Cooperation and Development (OECD) to administer that 
agreement. Twenty-one countries are currently members of the IEA, with the Commission of the 
European Communities participating under a special arrangement. 

As one element of the lnternational Energy Program, the Participants undertake cooperative 
activities in energy research, development, and demonstration. A number of new and improved 
energy technologies which have the potential of making significant contributions to our energy 
needs were identified for collaborative efforts. The IEA Committee on Energy Research and 
Development (CRD), assisted by a small Secretariat staff, coordinates the energy research, 
development, and demonstration programme. 

Energy Conservation in Buildings and Community Systems 

The lnternational Energy Agency sponsors research and development in a number of areas 
related to energy. In one of these areas, energy conservation in buildings, the IEA is sponsoring 
various exercises to predict more accurately the energy use of buildings, including comparison 
of existing computer programs, building monitoring, comparison of calculation methods, etc. 
The difference and similarities among these comparisons have told us much about the state of 
the art in building analysis and have led to further IEA sponsored research. 

Annex V Air Infiltration Centre 

The IEA Executive Committee (Building and Community Systems) has highlighted areas where 
the level of knowledge is unsatisfactory and there was unanimous agreement that infiltration 
was the area about which least was known. An infiltration group was formed drawing experts 
from most progressive countries, their long term aim to encourage joint international research 
and to increase the world pool of knowledge on infiltration and ventilation. Much valuable but 
sporadic and uncoordinated research was already taking place and after some initial ground- 
work the experts group recommended to their executive the formation of an Air Infiltration 
Centre. This recommendation was accepted and proposals for its establishment were invited 
internationally. 

The aims of the Centre are the standardisation of techniques, the validation of models, the 
catalogue and transfer of information, and the encouragement of research. It is intended to be a 
review body for current world research, to ensure full dissemination of this research and based 
on a knowledge of work already done to give direction and a firm basis for future research in the 
Participating Countries. 

The Participants in this task are Belgium, Canada, Denmark, Netherlands, New Zealand, Norway, 
Sweden, Switzerland, United Kingdom and the United States. 





This document is a supplement to the AIC's 4th Conference Proceedings AIC-PROC-11-83. 
It contains an additional paper prepared at short notice for inclusio,n in the conference 
programme and also a discussion record, based on written questions and answers prepared 
by conference participants and authors. 
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1 .  Introduction 

The Department of Building Science a t  Sheffiel d Uni versi ty  were 
asked by a private firm of Architects to  evalujte a design f o r  a low cost 
s t a r t e r  home and to carry out t e s t s  on the final development. Some time 
l a t e r  the department was also asked by the Department of Planning and 
Design a t  Sheffiel  d City Council to  carry out some t e s t s  on a block of 
local authority f l a t s  which were being considered fo r  modernisation. 

This paper deals with the t e s t s  which have been carried out to  
date in the two types of dwell ings and demonstrates the extent t o  which 
background ventil ation predominates in these dwell ings. 

The Low Cost S t a r t e r  Home 

S ta r t e r  homes have come to represent an increasingly popular 
choice of design f o r  archi tects  and building developers during the l a s t  
five years. Their appeal l i e s  in providing low cost dwellings f o r  
single people o r  young couples wishing to  become home owners f o r  the 
f i r s t  time. Many s t a r t e r  home designs are based on a timber frame 
structure which makes t h e i r  construction relat ively quick and therefore 
a t t r ac t i  ve to  developers . 

The studies were carried out on a single storey, semi-detached 
design produced by the architectural firm of Sebire Allsop. This design 
has been developed f o r  the Woughton Campus s i t e  competition a t  Milton 
Keynes, and i t s  success i n  t ha t  competition has ensured i t s  widespread 
development. 

A prototype of the house was b u i l t  a t  a s i t e  belonging t o  the 
bui 1 ders a t  Wakefiel d ,  West Yorkshi re, to  allow pre-production t e s t s  
to be carried out and also to  overcome any detai l ing problems 

Constructional de ta i l s  

The Wakefield house is a semi-detached, s ingle  storey u n i t  w i t h  
one bedroom in each dwell ing. Figure 1 gives plan and sectional de ta i l s  
of the design while Figure 2 shows the development a t  Milton Keynes. 

The roof construction consists of a profiled alumini um sheeting 
above a 38mm a i r  gap trapped by a s i sa lk ra f t  membrane. A second a i r  
gap, 97mm thick, beneach this' membrane i s  bonded by lOOmm of glass- 
fibre insulation. This is  held in position by a polythene vapour 
barrier attached to  roof jo is t s .  The roof i s  finished w i t h  a plaster-  
board and p las te r  skim ceiling. 

The external walls consist of an external skin of s ingle  brick 
bordering a 4.lrnm a i r  cavity on one s ide,  while the other boundary of 
the cavity i s  9mm plywood nailed onto a timber frame. Glass f i b r e ,  
80mm thick i s  held against  the plywood by a polythene vapour ba r r i e r  
which borders 9mm thick a i r  cavity before the internal plasterboard 
and skim f inish are  applied. 



The windows located i n  the end panels of the houses are  s ingle  glazed 
units  in  wooden frames. The panels themselves had an external surface of 
asbestos sheet  backed by 80mm of glass  f i b r e  and a polythene vapour ba r r i e r .  

These un i t s  were f inished w i t h  plasterboard and a skim f i n i sh .  

The f l oo r s  of the dwellings were so l i d  consis t ing of concrete l a id  
over a hardcore and dpc base. They were uninsulated both ve r t i c a l l y  ( a t  
the edges) and hori zontal ly. 

2.2 Energy usage i n  the house 

The design energy losses and running cos t s  of the  Wakefield house 
were examined using a computer program called ENGY. This program was 
developed w i t h i n  the  Department of Building Science and uses a degree-day 
approach f o r  p red ic t ing  seasonal heating requi rements. ENGY a1 1 ows fo r  
regional d i f ferences  i n  the contribution made by s o l a r  gain through any 
ver t ica l  glazing i n  t he  bui lding(1)-  

The program was r u n  f o r  1 ,  2 and 3 bedroom forms of the  s t a r t e r  
home and a typical  output i s  shown i n  Figures 3 and 4. A summary of the  
r e su l t s  is given i n  Table 1 ,  where costs  r e l a t e  t o  August 1981 prices 
and percentage savings r e l a t e  t o  the then current  building regulations.  

Table 1 Summary of ENGY Analysis 

Energy Use 

Heating/hot water usage 
cost  

% saving over house 
b u i l t  t o  Aug '81 regs 

Cooking usage 
cost  

El e c t r i  c i t y  usage 
cost  

Total energy cos t s  

r 

I t  is  apparent from Table 1 t h a t  the Sebire Allsop design i s ,  in  
theory capable of producing s ign i f i c an t l y  lower energy bi 11 s than houses 
b u i l t  t o  meet the  building regulations.  

1 

House Type 

1 Bedroom 

20 - 40 GJ 
£47 - £94 

26% - 53% 

7.6 GJ 
£ 18 

7.2 GJ 
£ 62 

£127 - £174 

2 Bedroom 

38 - 58 GJ 
£89 - El36 

20% - 37% 

11.4 GJ 
$27 

7.9 GJ 
£68 

£184 - £231 

3 Bedroom 

40 - 66 GJ 
£94 - £155 

37% - 47% 

13.3 GJ 
E 31 

10 -8  GJ 
£93 

£218 - £279 
A 



3. - Experiniental Studies of  the Venti 1 ation Performance of the Home 

The i n i t i a l  work carried o u t  on th is  house design \.;as of a thec;retical 
r~atgt-e dealing with projected Energy perfornance. Once t h ?  house was cs3ple ted  
i t  became necessary to verify tnese pt-edictions. As part of  t i e  assessment of 
the performance of the t e s t  house a t  idakefield a ventilation study was carried 
out with the objective of establishing the l ike ly  ventilation rate  and leakage 
areas. Both decay rate using nitrous oxide and pressurisation t e s t s  were 
carried out on the house. 

3.1 Expsrimental -- se t  up  for  gas decay t e s t s  

The standard decay rate procedure to estimate the ventilation rate  of 
the house was followed, the sep u p  being as shown in Figure 5 .  

For the t e s t s  t o  give a valid assessment of ventilation rate  the warm 
a i r  heating system was switched off and the o u t l e t  g r i l l s  sealed, the natural 
ventilation a i r  out le t s  in the kitchen and bathroom were also closed. All 
other openings such as 1 ight roses, 1 i ght switches, power sockets, e tc .  were 
l e f t  unsealed. 

I t  i s  usual t o  quote ventilation rates as a function of wind speed and 
therefore the local wind speed and direction was measured throughout the 
experimental period. Figure 6 i l l u s t r a t e s  the position and height of the 
anemometer mast re lat ive to the house. The 10m wind speed was considered 
representative of the local wind conditions as the s i t e  was f l a t  and fa1 1s 
within the Wind Loading Guide Category 2 te r ra in .  

3 . 2  Experimental s e t  up  for  whole house pressure t e s t s  

The blower door technique was used to  pressurise the house. Before 
the t e s t s  were carried out the a i r  ou t le t s  from the warm a i r  heating system 
were sealed b u t  a1 1 other openings l e f t  unsealed as in the gas decay t e s t s .  

The house was pressurised by using dual 480mm diameter axial fans 
independently controlled, the a i r  flow ra te  was measured by means of a 
calibrated vane anemometer system and the pressure difference was recorded 
using a s t ra in  gauge bridge type pressure transducer. The schematic layout 
of the pressure t e s t  r ig  i s  shown i n  Figure 7.  

3.3 Results of decay rate tes t s  

( a )  Wind envi ronment 

Throughout the whole of the f ive  hour t e s t  period the wind direction 
was South South-West ( 2 0 2 ~ )  which resulted in the pressure profi le  as shown 
in Figure 8. This profile implies t h a t  a i r  wil l  be forced to  enter  the 
house through the south facing i n f i l l  panels and the movement will  then be 
towards the hall , kitchen roof and e a s t  wall. This condition was therefore 
considered favourable for  the venti 1 ation measurements. 

(h)  Decay ra te  measurements 

The decay of the nitrous oxide t racer  gas within the house was measured 
continuously b u t  f ive minute readings were taken fo r  the analysis 



( c )  The a i r  change rate  

The ventilation rate was established fo r  20 minute periods of time. 
Figure 9 shows the resul ts  of the t e s t s ,  and i t  can be clearly seen t h a t  
as the wind speed f e l l  so did the ventilation rate.  The inside temperature 
remained reasonably constant over the who1 e t e s t  period a1 though the outside 
temperature dropped by just  over 2 ' ~ .  

Figure 10 shows a tentative relat ionship fo r  ventilation rate  against 
wind speed. 

(d)  Background 1 eakage areas 

The background leakage areas consist  of cracks around the windows, 
doors, end panels and joins between the building components. The background 
leakage ra es through windows doors and end panels were established using 
Jackmans (2f techniques as these areas were easi 1 y measurable. Fi gure 11 
shows how the known background leakage ra te  compares with the total  ventilation 
rate ,  i t  i s  eas i ly  seen from th i s  f igure that  between 60% and 70% of the 
leakage i s  unaccounted for.  

3.4 The resu l t s  of the pressure t e s t s  

Throughout the whole of the t e s t  period the wind direction was 
West (2700) and below 10 m/s in speed. 

The wh-ole house charac ter i s t ic  is  shown i n  Figure 12. The charac ter i s t ic  
of the house was fur ther  examined by investigating the leakage through known 
crackage areas and the resul ts  obtained are shown in Table 2 fo r  a standard 
press-ure difference of 50 Pascals. 

Table 2 House character is t ics  a t  50 Pascal pressure di fference 

I t  is worth noting tha t  from the pressure t e s t  some 71.7% of leakage 
can be c l a s s i f i ed  as background through undefined areas. This figure 
compares very favourably with the figures established from the decay rate 
t e s t s  (60% to  75%). 



4. Modified detai l ing desiqn 

I t  was fu l ly  recognised a t  the design stage of these houses t h a t  
they would not be " a i r  t ight" .  As a resu l t  of the t e s t s  carried o l ~ t  9 n  
the Wakefield house modifications were made to the jointing de ta i l s  between 
the floor and walls and cei l ing as well as joins round a l l  openings. A 
res tr ic t ion was t o  impose on the modifications to  the e f fec t  t ha t  the 
extra cost in so doing would be minimal (bearing in mind low cost s t a r t e r  
home). Sketches of the proposed jointing detai ls  are shown in Figure 13. 
Before these modifications were f ina l ly  adopted fo r  inclusion in the 
second phase of development a t  Milton Keynes laboratory t e s t s  were carried 
out on a fu l l  scale  joint  t o  establ ish i f  the proposals would be viable. 

4.1 Laboratory test ing of fu l l  scale joints 

Joints were tested in h laboratory using a pressure box s imilar  
t3e to  that described by Siitonen and shown in Figure 14. This r ig  i s  

s t i l l  under development a1 though resul ts  obtained on ined crack geo- 

Figure 15. 
l'g! metries are in good agreement with those of Etheridge and shown in 

(a )  Wall f loor  joins 

The wall to' f loor  joins as bui 1 t in to  the Wakefiel d House and 
Phase 1 of the Milton Keynes Houses was tested using the pressure box. 
Modified joins as proposed fo r  Phase 2 a t  Milton Keynes were also tested. 
Figure 16 shows the resul tant  character is t ics  of the two joins. 

(b) Possible e f fec ts  on background a i r  leakage 

Having established the e f f ec t  of a l ter ing the detail ing of the joins 
on the l ikely a i r  leakage, calculations have shown that  the expected 
reduction in background leakage can be summarised as follows: 

The overall ventilation ra te  of the houses i s  1 i kely to  reduce by 
50% and background leakage to  be reduced to  30-40% of the to ta l .  This 
reduction in ventilation loss will  reduce the annual heating b i l l  by 
some 14%. 

i 5. Local Authority Housing 

A group of system bu i l t  blocks of f l a t s  owned by Sheffield City 
Counci 1 are currently being i nvesti.gated with a view to establ ish-ing 
the pr ior i t ies  f o r  refurbishment. Part  of these studies involves 
establishing the natural ventilation rates  and leakage paths, 

Due to  the physical planning of these blocks i t  has proved 
impossible to carry out whole house pressurisation tes t s .  Consequently 
room pressurisation using a blower door has been used, 



( a )  Constructional detai 1s 

The f l a t s  were constructed of precast concrcte panels with a 12nn; 
plaster sk.im f in ish .  Modifications ciirrisd o u t  Sn t:h. mid 1970's resulted 
in the addition of 25mm r igid thermal insulation being added to som of 
the wall s .  

( b )  Pressure t e s t s  - 

An i n i t i a l  s e t  of pressure t e s t s  have been carried out on one f l a t  
which was thought to  be typical of the whole block. The resul ts  are shorn 
in Table 3 and plotted i n  Figure 17.  

Table 3 Fla t  charac ter i s t ics  a t  50 Pascals pressure difference 

From these figures i t  can be seen that  some 74% of a i r  leakage can 
be attributed to  background leakage. 

1 
Negative Pr, oss ure 

tes t s  
3 2 m / m  h r .  

8.83 

6.51 

Degree of 
seal i ng 

No sealing 

Windows and 
doors sealed 

d 

(c)  Modifications t o  the fabr ic  

Posit ive Pressure 
t e s t s  

3 2 m / m  h r .  

7.88 

5.81 

The internal walls of the f l a t  have been dry lined using 25mm 
polystyrene sheeting on to which has been added a 5mm cement render. 
This improvement has resulted in  the fabric  k value being reduced by 
some 60% to  70%. 

A t  the time of writing t h i s  paper pressurisation t e s t s  on the 
modified f l a t  a re  s t i l l  being carried out and are not yet  conclusive. 
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F i g u r e  1 Section and p l a n  views of s t a r t e r  home 
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WIND SPEED M.P.H. 

A I R  CHANGE RATE = 0 . 2 5 6  x (WIND SPEED) 0.603 

WHERE WIND SPEED I S  I N  M.P.H. 

F igure  1 0  
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Figure 1 2  Whole House Pressure Tests 
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F i g u r e  16 Air Flow through Floor /Wal l  J o i n s  .- 
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DISCUSSION 

Monday afternoon - 26 September 1983 

Chairman: Peter Hartmann (Switzerland) 

Paper 1 : 'Potent ia l  and l im i t s  o f  energy savings in the  Swiss 
Keynote build'ing stock'  
Aaaress presented by Conrad Brunner (Switzerland) 

J .  Dewsbury In the  experiment w i t h  improved heating control systems a t  
(UK) Limmatstrasse, why did you only have 10 f l a t s  w i t h  improved 

control systems ? 

C. Brunner The investment for innovative technology provided by the 
(SwitzerZand) C i t y  of Zurich was limited t o  t h i s  uni t  of 10 apartments 

for new controZ systems, 10 apartments for gas heat pumps 
and 10 apartments for soZar hot water. Now we are thinking 
of instaZZing control systems i n  100 apartments across the 
s tree t  i n  the new Limatstrasse which w i l l  be i n  operation 
by 1984. 

R. Grot What i s  the  a i r  exchange r a t e  which leads to  an a i r  
( USA ) i n f i l t r a t i o n  energy contribution of 26% ? 

C. Brunner A i r  chunge rates i n  existing buildings, including user 
(SwitzerZand) influence, vary between approximate7.y 0.5 - 1.0 but i n  

recent new construetion they vary betueen 0.3 - 0.6. 

R. Grot 
( USA) 

What was your assumed insula t ion level f o r  the  building ? 

C. Brunner Existing buildings are between 0.8 - 1.0 ~ . r n - ~ .  Nm levels 
(SwitzerZand) for external waZls are between 0.3 - 0.5 

Session 1 

Chairman: Peter Hartmann (Switzerland) 

Pa per 2 : 'Recommended r e t r o f i t  ac t ions  based on a i r  i n f i l t r a t i o n  
evaluations in a var ie ty  of buildings '  

presented by David Harrje (USA) 

L.L. Gill How do you reconcile smoke escapevents and garage 
( U K )  ven t i l a t ion  w i t h  a i r  i n f i l t r a t i o n  control ? Will these 

deliberate extracts  not be much grea te r  than the  a i r  
i n f i l t r a t i o n  o r  e x f i l t r a t i o n  you a r e  trying t o  control ? 
We were assessing and trying t o  achieve the cor rec t  
pressure balance between d i f f e r en t  areas t o  avoid pol'lution 
t rans fe r .  

D. Harrje In the case of garage a i r  reaehing the working space i n  
(USA) the example cited i n  the paper, the garage pressure 



R. Grot 
( USA ) 

D. Harrje 
(USA) 

P .  Jackman 
( 'JK) 

D, Harrje 
(USA) 

M.J. Holmes 
( UK) 

D. Harrje 
(USA) 

R. Grot 
( USA ) 

exceeded that  of the work space and a passage between 
zones was available ( the crack area). In  the further 
example ci ted a t  Elm, the stairwell pressurization system 
(a small fan on the f i r s t  fZoor)was inadequate compared t o  
the in ter ior  building pressure, aZZowing odours from 
apartments t o  be transferred by the stairwell. The same 
path would be followed i n  the case of f ire  causing smoke 
t o  enter the stairwells.  

Did the buildings tested have smoke control systems ? If 
so, how did they operate ? 

Smoke control systems i n  the buildings tested were of ten 
found t o  be inadequate or defective.  For example, i n  the 
buiZding ci ted i n  Example 1, f i re  systems had been blocked 
open and building modifications had seriously compromised 
smoke removal from certain zones i n  the building. The fact 
tha t  a l l  four a i r  handling uni t s  interacted means that 
smoke can be rapidly moved from wing-to-wing. 

What was the basis of selecting 7ms-1 for  the wind speed 
used for  the prediction of a i r  i n f i l t r a t ion  ra tes  ? 

I n  the case ci ted for tes t ing Saudi A~abian buildings, the 
7ms-1 was part of the specification, indicating that  wind 
was an important factor i n  the a i r  i n f i l t r a t i o n  mechanism. 
However, the a c t m l  location where the wind speed i s  
measured i s  also an important factor and cause for error. 

Do I understand that  you are  recommending that  mechanically 
ventilated and a i r  conditioned buildings a re  not 
pressurized to avoid condensation in the fabric ? In 
addition, would you comment on the re la t ive  ra tes  of 
moisture flow through cracks due to  internallexternal 
pressure difference compared w i t h  typical par t ia l  
pressures of the water vapour. Could there be a potential 
problem with cold a i r  entering, cooling the s t ructure and 
causing condensation ? In tha t  case, pressurization i s  
good ? 

The f i r s t  recornendation i s  t o  make every e f f o r t  t o  t ighten 
the building envelope using the best  methods available. 
The second recorrunendation i s  t o  reduce the pressure 
d i f f  erentiazs t o  the minimum wherever possible. Clearly, 
moisture migration through the envelope i s  primarily uia 
the  a i r  flow. Where the r ight  combination of conditions 
are present, condensation w i l l  take place within the  
envelope. Seasonal factors w i l l  then determine whether 
permanent damage or only yearly cycles i n  moisture content 
w i l l  take place with fu l l  material recovery. 

In very large buildings, I do not see how you can apply a 
zero pressure strategy. In the building we have measured 
in Newark (a 26-storey high-rise) we saw positive pressure 
of 25-30 Pa a t  the upper f loors  and a negative pressure of 
approximately 5 to -10 Pa a t  lower f loors .  I t  would be 



difficult and expensive to introduce a mechanical system 
to achieve a zero pressure on all floors. It is better to 
design a tight envelope. 

D. Harrje Certainly it i s  bet ter  t o  design a t i g h t  envelope t o  begin 
(USA) with. Maintaining low differentia2 pressures i s  clear Zy 

an increasingly d i f f i c u l t  problem with higher buildings, 
but l imiting between floor communications and properly 
balancing a i r  dis tr ibut ion s y s t m s  are some steps that can 
be taken t o  minimize pressure d i f f e r e n t i a h .  

Paper 3: 'Air infiltration control in housing - a guide to 
international practice' 
presented by Arne Elmroth (Sweden) 

R. Grot What is being done about the mechanism for distribution of 
( USA ) the Air Infiltration Handbook ? Can different countries 

reproduce it ? 

A. Elmroth Following the AIC Steering Group Meeting, arrangements are 
(Sweden) being made for the Handbook t o  be distributed by National 

Representatives of participating countries. 

M. Liddament How durable are present airtightness techniques ? When we 
(UK) come,to measure the airtightness of a 1983 building in 2083, 

how tight will it be ? 

A. EZmroth The durabili ty depends on many things. I t  i s  important t o  
(Sweden) have a good design i n  that the airtightness i s  a p a r t  of 

the construction technique, for instanee well designed 
joints,  clamped joints i n  the a i r  barrier, e tc .  Other 
important things are using durable materials, for example 
plastic films used i n  Sweden are tested from a durability 
point of view (see Figure A8.1 i n  the Handbook). I f  the 
serviee l i f e  of a material i s  unknown, the elements should 
be constructed i n  such a way that  it i s  easy t o  replace 
the material. 





Tuesday morning - 27 September 1983 

Session 2: 

Chairman: David Harrje (USA) 

Paper 4: 'The measurement of a i r  i n f i l t r a t ion  rates in large 
enclosures and bui 1 dings ' 

presented by Jonathan ~ewsbury (UK) 

M.J. Holmes Could you suggest a minimum a i r  change ra te  fo r  factory 
(UK) buildings, in particular when recognising high heat gains 

and high insulation values ? 

J. Dewsbury No. The desired vent i lat ion rate  for) a particular building 
f U K )  would have t o  be calculated considering the location and 

s i ze  of pollution, heat and fresh a i r  sources, eff iciency 
of local extract arrangements, internal a i r  movement, 
desired a i r  quality and temperature and design weather 
conditions. 

M. Liddament (In response to  Mike Holmes' comment) 
( UK) Approximately half the area Jonathan talked about refers 

to  warehouses where there i s  no process heat - here i s  
where substantial energy savings a re  possible. Enquiries 
t o  the AIC frequently re la te  to  excessive air /heat  losses 
from such buildings. 

R .  Grot 
( USA 

What t racer  gases did you use ? How much did you need and 
what were the building sizes ? Were they real ly  large ? 
The mixing you obtained a f t e r  three hours was very good. 
Will the blower t e s t  used to validate the measurement 
method not cause an uneven dis t r ibut ion of t racer  by such 
mechanisms as  plug flow ? 

J ,  Dewsbwly So far we have used nitrous oxide for t h i s  work although 
f UK)  we have used sulphur hemfluoride for other projects. A 

large proportion of industriaZ/warehouse buildings i n  the 
UK have volumes of the order of 10,000 m3. We aim t o  
produce an i n i t i a l  tracergas concentration of not more than 
1000 ppm, so for a 10,000 m3 building we need about 10 m3 
of N20. The blower t e s t  may well cause an uneven 
dis tr ibut ion of tracer gas, but the aim for our multi-point 
measurement and m a l y s i s  methods i s  t o  detect and cope with 
such a situation. 

M. Bassett Can you give a physical explanation of how the concentration 
(New Zealand) decay r a t e  i n  a l l  zones (Figures 1 and 3)  can e i ther  be l e s s  

than, or  even exceed, the perfect mixing case ? 

J .  Dewsbury A recent paper by Q. T .  Pham (Building & Environment, VoZ. 18, 
f U K )  No.1/2, pp55-60, 1983 'Generalized two-region model for 

i n f i l t r a t i o n  s tudies ' )  gives a theoretical account of t h i s  
problem for two zones. 

fa )  Slope of concentration decay l ines less  than slope of 
perfect mixing liyle. 





M. Sherman 
( USA) 

\ J .  Dewsbury 
', (UK) 
a 

Consider a well mixed room containing a box. The contents 
of the box are also well mixed but there i s  onZy a .sma.ZZ 
a i r  flow frorn the room in to  the box and from the box Cnto 
the room. In i t ia l ly ,  tracer gas coneentration i s  uniform 
throughout the room and the box. I f  we now ventiZate the 
room, the concentration i n  the room will become Zess than 
that  i n  the box and the box w i l l  then begin t o  ac t  as a 
source of tracer gas for the room so the gas concentration 
i n  the room w i l l  then decrease more sZowZy than i f  the 
whole space were well mixed. The concentration decay i n  
the box Zags behind that i n  the room as can be seen by 
considering the two extreme cases: when the airfZow between 
box and room i s  very small the rate  a t  which tracer i s  
removed from the box w i l l  also be very smaZZ as a fraction 
of the quantity of tracer i n  the box. As the airflow 
increases t o  in f in i t y  the concentrations i n  the box and 
the room tend t o  the same value and the decays tend t o  the 
perfect mixing l ine.  

(bl Slope of concentration decay lines greater than slope 
of perfect mixing line.  

Consider two adjacent rooms, room A and room B. The a i r  
within each room i s  well mixed. Fresh a ir  enters room A, 
a i r  passes from room A t o  room B and vice versa room a i r  
leaves room B. I f  the circulation between the two rooms 
i s  small, then the rate  of bracer gas concentration decay 
i n  room A w i l l  be approximately that  resulting from the 
fresh a i r  flow acting on the colwrm of room A alone, i .e.  
greater than that resulting i f  rooms A and B are ful ly  
mixed with each other. After a delay, the concentration 
of tracer gas i n  room A w i l l  be much smaller than that i n  
room B, and room B w i l l  then i n  turn have a tracer gas 
concentration decay rate  approximateZy that which would 
resul t  from the a i r  entering room B being completely fresh 
instead of nearly so. As the circulation between the two 
rooms increases the concentrations i n  the two rooms tend 
t o  the same value and the decays tend t o  the perfect mixing 
Zine. 

In large, poorly mixed spaces, the concept of a single air 
change rate or infiltration is not appropriate. Even 
though a decay measurement may yield a single value for the 
infiltration rate, it is not possible to interpret this 
easily. The effective volume in a poorly mixed space is 
always smaller than for the perfectly mixed case. The 
correct measurement technique depends on the question one 
is asking - heat loss, pollutant dilution, etc. For thermal 
balance the best method is probably constant emission 
(injection near heating system) with an average concentration 
measurement. If pollutant concentrations are of interest 
the concept of ventilation efficiency must be employed. 

A t  present we are mainly (but not only) interested i n  
measuring ventilation as a source of heat Zoss. I t  i s  
d i f f i c u l t  t o  arrange for tracer gas t o  behave i n  the same 





way as heat from the heating system, especially with 
mainly radiant systems such as m e  common i n  the UK. We 
hope t o  be able t o  derive from our measurements an 
approximate value for the sum of the air  flows out of the 
building, each multiplied by i t s  appropriate temperature, 
i . e .  the ventilation heat loss. We think we have shown 
that the average tracer concentration i n  a poorly mixed 
space does not give an adequate picture of what may be 
happening i n  the case of a concentration decay method. We 
have not yet performed any simulations or t r i a l s  using 
constant emission as we feel it i s  d i f f i cu l t  t o  control 
the very small gas release rates required a t  each of a 
number of reZease points. Discharging a l l  the gas for a 
large building with poor internal mixing a t  a single or 
few release points would very probably result i n  concentration 
variations within the space which exceeded the range of our 
instruments. 

Paper 5 : 'Ventilation measurements in large buildings' 
presented by John Lil ly  ( U K )  

R. Grot How long did you wait a f t e r  s t a r t  of injection of tracer 
( USA in the constant flow ra t e  method to begin measurement ? 

In the decay t e s t ,  how long did you wait a f t e r  injection ? 
What other methods would you consider using ? 

J. LiZZy In our experiments, we keep a eonstant injection of tracer 
(UK) gas running a t  a l l  times, so that experimentation can take 

place when required. When changing the injection format, 
it generally takes 2-3 hours before an "operating 
concentration" i s  reached. We prefer to wait 6 hours i n  
our building of 650 m3 with no ar t i f i c ia l  mixing. This i s  
because the concentrations we measure are not a t  equilibrium 
so it i s  hard to  specify when instantaneous concentrations 
have achieved a l'p.seudo equilibrium" condition. For th is  
same reason, long term measurements are much more meaningful 
than instantaneous measurements. 

In decay experiments, we have the facility to  use many 
different types of mixing i f  required. The time taken for 
concentrations to  stabilise depends on the method of 
injection, When no artificiaZ mixing i s  involved, we 
monitor concentrations continuously af ter waving around 
the injection line and wait for natural mixing t o  diffuse 
the tracer. Considering the building i s  sensitive to  wind, 
with an airchange typically of 1.5 - 2.0 per hour, natural 
mixing i s  not inconsiderable. We find adequate mixing 
takes place after &- - 8 hour before useful measurements 
can be taken. When using ar t i f i c ia l  mixing, it only remains 
for the ar t i f i c ia l  airstremns t o  die down. I f  a "swirl" 
nul around the building i s  employed, it may take $ - -k 
hour t o  die down i n  our naturally leaky building. A large 
central fan may take up t o  15 - 20 minutes and 10 small 
locally placed fans only a few minutes af ter switching of 





However, mixing i s  Zess adequate with small fans and it 
takes much longer t o  attain an even distribution. 

Swirl mixing Central fan 

Constant concentration techniques, I feel, can produce a 
valid mean ven t i k t i on  rate, but with sZightZy Zess 
accuracy than multi-cell buildings. We have used 
individual injection, sample and mixing for 50 m3 
imaginary volumes within the building. Tracer transport 
between zones means that the  compute^ control cannot 
accurately predict the change i n  concmtration Zeading t o  
formation of "pockets" of tracer gas (excess and deficiency) 
which d r i f t  between zones. Art i f icial  mixing and th is  
"zone transfer" total ly destroys the naturaZ characteristics 
of the building, so no conclusions can be d r m ,  as yet, 
concerning the ventilation effieieney. Additionaz errors 
i n  the mean ventiZation rate appear to  be Zess than 5%. 

M. Sherman In large poorly-mixed spaces, the concept of a single air 
(USA) change rate or infiltration is not appropriate. Even 

though a decay measurement may yield a single value for 
the infiltration rate, it it not possible to interpret 
this easily. The effective volume in a poorly-mixed space 
is always smaller than for the perfectly-mixed case. The 
correct measurement technique depends on the questions one 
is asking - heat loss, pollutant dilution, etc. For thermal 
balance, the best method is probably constant emission 
(injection near heating system) with an average concentration 
measurement. If pollutant concentrations are of interest, 
the concept of ventilation efficiency must be employed. 

J .  L i l l y  I agree that, for thermal balance purposes, constant 
(UK) emission techniques probably of fer the most promise i n  

ventilation heat Zoss measurements. However, I do not 
believe that an average tracer concentration measurement 
would be representative of the ventilation heat Zoss i n  a 
Zarge single cel l  building. When using constant emission 
techniques, large concentration gradients can build up i n  
short displacements and an impractically large number of 
sample points i s  required to  obtain a mean zlalue. EVen 
then one has to assume that the airflow velocity 
distribution within the cel l  i s  uniform, In t h i s  respect, 
when injecting tracer gas into a heated air stream, I 
believe there i s  not much difference i n  samples taken i n  
either decay or constant emission measurements. I think 





there i s  much room for developing our interpretation of 
tracer concentrations a t  s i tes  of exfiltration, which 
offer the best mixed tracer/air sample whether i n  decay or 
constant emission. A t  present, although lengthy t e s t s  are 
required, I believe decay methods are the most practicaZ 
t o  determine overall a ir  in f i l t rat ion rates i n  single cel l  
buildings, and constant emission techniques most suited to 
gaining information on local ventilation efficiency. 

Paper 6: 'Air leakage i n  industrial buildings - preliminary resu l t s '  
presented by Leif Lundin (Sweden) 

W.  de Gids I s  there an explanation for  the difference in resu l t s  
(Netherlands) between pressurization versus depressuri sation ? 

L. Lundin I think you mean buildings B and C i n  the paper. 
(Sweden) 

Building B: Due to  the use of the building there were a 
great number of smoke vents i n  the roof. These smoke vents 
open outwards and therej?ore &he building i s  tighter when 
depressurized. 

Building C: I am not sure but I have to guess that the 
plastic air  vapour barrier can act as a one-way value. 

J .  Dewsbury Are you doing any work to  re la te  the resul ts  of your 
( UK) building airt ightness measurements to  a i r  i n f i l t r a t ion  

ra tes  under natural conditions ? 

L. Lundin We are working on a project which we hope w i l l  give us the 
(Sweden) relationship between airtightness and air in f i l t rat ion i n  

dwellings. For industrial buildings we huve no similar 
project. Ow, building authorities are discussing whether 
the Building Code should. contain regulations about airtightness 
i n  industrial buildings. A decision w i l l  be made during 
the next few months. 

C-Y. Shaw How do you cal ibrate  your fan ? 
(Canada) 

L. Lundin The calibration points are: 
(Sweden) 

(a) The mass flow meter can be calibrated to a volumetric 
flow meter - not to a rotameter. 

(bl The gas anulyser shall be calibrated folZowing the 
manual. In t h i s  system I have used a M B A N  101 and it i s  
calibrated to the manual. When using the MIRAN calibration 
system, I have taken a greater number of points within the 
range 100 - 120 ppm. 

The most important "calibrating point" i s  the gas mixing. 
I t  i s  checked b y  measuring S ~ Z D a n e o u s ~ y  &he tracer gas 
eoncent;r)ation a t  the sampling point and the downstream en2 
of the duct (see i l lustration) 
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'An overview of ventilation research in large non-residential 
buildings' presented by Wil lem de Gids (Netherlands) 

H. Yoshino You have shown the results of air change rate at different 
(Japan) points in the auction building. However, air change rate 

can be calculated, assuming that the contaminant is uniform 
in a whole space; How can you calculate the air change rate 
at different points ? 

W. de Gids Because the building is divided into three seetions. 
f Nether lands) 

P.  Jackman In your studies of the pressurized laboratories, did you 
( UK) take account of the effect of opening and closing the doors? 

W. de Gids No, but t h i s  e f lec t  i s  investigated i n  a special scale model 
fNether2an.s) study. 
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Paper 8: 'Improvement of airt ightness in four schools' presented by 
Chia-Yu Shaw (Canada) 

J. Kronvall After the tightening measures, there does not seem to be 
(Sweden) any significant change in the slope of the leakage 

character is t ic  in a logarithmic diagram of pressure 
difference - a i r  leakage. Would th i s  not have been 
expected i f  larger openings i n  the building envelope had 
been tightened ? 

C-Y. Shaw Most of the re t ro f i t  measures were applied by tl'ze school 
(Canada) custodians. I t  i s  possible that some of the Zarge openings 

were not sealed. As a result,  except for school E, the 
flow exponents "nu af ter  re t ro f i t  were not changed. 

J.  Dewsbury For each school you present a i r  leakage graphs with the 
( U K )  HVAC systems on and with the HVAC systems of f .  How do the 

differences between the LNO depend on the character is t ics  
of the HVAC systems ? 

C-Y. Shaw With tha HVAC s y s t m  o f f ,  the air  leakage through the intake 
(Canada) and exhaust openings of the HVAC system i s  part of the 

overall a ir  leakage. This leakage component would be 
greatly reduced with the W A C  system i n  operation. 

M.J. Holmes What does the increase in tightness represent i n  terms of 
(UK) a i r  change and energy savings ? 

C-Y. S h  No attempt was made t o  correlate airtightness with air  
(Canada) change rate and/or energy savings. 

Paper 9 : 'Air in f i l t r a t ion  i n  high-rise buildings' presented by 
Christoph ZUrcher (Switzerland) 

PI. Bassett Are there good prospects for  simplified calculations of 
(New *Zeal and) surface pressure coefficients for  t a l l  bui 1 dings in a 

complicated urban environment ? 

C. ZUrcher No, not a t  the moment, I t  w i l l  be necessary t o  have many 
(Switzerland) more results  from research work comparing computed pressure 

fields (with the aid of surface coefficients of wind tunnel 
experiments) with corresponding field measurements. 

W .  de Gids Did you take into account open windows in your calculations? 
(Nether1 ands) 

C. ZUrcher No, we did not. 
(Switzerland) 



D. Harrje Looking a t  Table 1 ,  please describe what you an t ic ipa te  as 
( USA the charac te r i s t i cs  with much lower outside temperatures. 

C. ZUrcher The d i f ferent  flow patterns i n  the stairwell as well as 
(Switzerland) though  the staircase envelope w i l l  change i n  accordance 

with increasing wind speeds. 

D.  Harrje Will the  vortex flow you described not counter t he  flow 
( USA ) outward a t  the lower f loors  ? 

C. ZUrcher This question i s  much more d i f f i c u l t  t o  answer because the 
(Switzerland) a i r  flow pattern i n  the staircase not only depends on 

pressure difference but i s  also strongly influenced by the 
dis tr ibut ion of a i r  leakages throughout the structure as 
well as the design of the facade. 

J .  Kronvall Why did you use the exponential formulation in t he  
(Sweden ) calcula t ion procedure ra ther  than the  more widely used 

leakage area concept ? 

C. ZUrcher The reason for using the exponential formulation i s  that 
(SwitzerZand) you can determine the crack coef f ic ient  as well as the 

pressure exponent d irec t ly  from the recorded pressme-flow 
characteristics using blower door measurements. 

Paper 10: 'Case study of r e t r o f i t t i n g  a 14-storey o f f i c e  building in 
Oslo' presented by Bjbrn Vik (Norway). 

H .  Feustal In the  f igure  the a i r  changes by pressurization/depressurization 
(Germany) showed a s ign i f ican t  difference,  I s  th iscausedby the location 

of supply/exhaust o u t l e t s  in the building ? 

B. Vik I do not believe that  the differences have anything t o  do 
(Noma y ) with the location of vent i lat ion out lets .  Most probably 

the measurements before treatment were very inaccurate. 
Analysis a f t e r  treatment showed no difference between supply 
and exhaust measurements. 

M .  Bassett Would the  leakage problems described in t h i s  par t i cu la r  
(New Zealand) mu1 t i - s to rey  building be c l a s s i f i ed  as inadequate qua1 i t y  

control or  inadequate specif icat ion ? 

B. Vik The two leakage problems were due t o  di f ferent  circwnstances. 
(Norway One was a material fault  which was b u i l t  in to  the wall 

element. The other was due t o  indequate specification 
which i s  quite normal. Both faults should have been 
discovered and treated during the construction period. 

J .  Kronvall Did you notice any dampness on the  outer wall caused by 
(Sweden) moisture convection and condensation i n  the upper par t  of 

the  building where, according t o  your measurements, there 
was an internal  over-pressure ? 

B. Vik Condensation was not being monitored. We would, however, 
(Noma y expect t o  be informed i f  condensation was a severe problem. 
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Can you explain why t h e  in ternal  over-pressure on f l o o r  8 
was so much l e s s  than on the  o t h e r  f l o o r s ,  i n  the  case  of 
p ressu r i za t ion  by the supply fans  a f t e r  t reatment ? 

This i s  probably a result  of a more dominant stack ef fect  
i n  system 2. In figure 3, you find the slope of the curves 
within system 2, due t o  the stack ef fect ,  much more 
pronounced than that of system 1. 

'Air i n f i l t r a t i o n  and a i r t i g h t n e s s  t e s t s  i n  e i g h t  US o f f i c e  
bui ld ings '  presented by Richard Grot (USA) 

You have quoted the leakage values i n  a i r  changes a t  50 Pa 
and, when this value is  compared t o  t i g h t  houses, i t  proves 
t i g h t e r .  Does t h i s  no t  mean t h a t  quoting t i g h t n e s s  i n  a i r  
changes does not al low a good comparison of bui ld ings  of 
d i f f e r e n t  s i z e s  ? 

We compared leakages a t  25 Pa (figure 1 3 ) .  This was done 
only t o  put these buildings into perspective with known 
data. We used two of the three ways adopted t o  anaZyse 
tightness data, and a i r  exchange seemed better. I t  should 
be noted that these buildings varied i n  size by a factor 
of 20. We did not use leakage area because 4 Pa i s  probably 
not a good pressure for Zarge buildings. 

When you p l o t  i n f i l t r a t i o n  vs t i g h t n e s s  f o r  these  buildings 
you g e t  a good f i t .  Since the  weather a t  a l l  sites was 
almost i d e n t i c a l ,  is t h i s  apparent  co r re la t ion  n o t  an 
overstatement of the  r e l a t i o n s h i p  and might not weather 
play a bigger r o l e  ? 

I am more worried about the size of the sample than your 
point. I feel that t h i s  data shows that models for large 
buildings couZd be developed which would be similar to  those 
you have developed for residences and which would relate 
tightness t o  air  inf i l trat ion.  Such models w i l l  probably be 
as successful as those for residences. 

You present  temperature c o r r e l a t i o n s  t o  the measured 
i n f i l t r a t i o n  r a t e s .  Although there is  an unmistakable 
dependence on temperature, the  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  
q u i t e  low - suggesting t h a t  a l i n e a r  temperature dependence 
has l i t t l e  t o  do w i t h  explaining the s c a t t e r  i n  t h e  data.  
What do you t h i n k a r e t h e  important sources of s c a t t e r  in  
t h e  da ta  and what useful  information can be ext rac ted  from 
t h e  1 i n e a r  c o r r e l a t i o n s  ? 

I feel that linear correZations are a useful technique for 
the prelhinary analysis of air inf i l trat ion.  This i s  not 
a substitute for a good model. However, such a model does 
not ex is t  a t  present. Short term a i r  in f i l t rat ion data 
always seem t o  have large scatter when compared with other 
parameters. I do not feel that measurement errors are more 



+ 
than - 0.1 ach. For the t ight  buiZdings, th i s  expZains much 
o f  the scatter. For the leakier buiZdings I fee2 that 
physical phenomena for similar parameters, such as average 
wind speed, direction and temperature, do not take into 
account pressure f Zuctuations, for exampZe, especially i n  
complex buildings. 

D. Harrje Following your presentation, especially the Huron building, 
(USA) far more data points with a somewhat different location 

were given as compared to figure 12. Please comment on 
these differences. 

R. Grot There was an error made by the computer programmer who 
(USA) rounded a l l  data down t o  0.1 q h .  Thus many points may be 

plotted on top of each other i n  the paper. The slide i s  
correct. Also our data sets  grow as more field data i s  
checked and analysed. Since there i s  a time interval of 
about two weeks i n  the plots, the sZides could have more 
data i n  them. 

Paper 1 2: 'Ventilation rates and intercell airflow rates in a naturally 
venti 1 ated off ice bui 1 ding ' presented by Richard Walker (UK) 

M. Bassett Can you use your multi-zone infiltration rate equipment to 
(New Zealand) make comparative measurements with absorption tubes using 

different mu1 ti pl e tracers ? 

R. Walker We are hoping very soon t o  attempt comparative t e s t s  using 
(UK) SF6 with absorption tubes, but no t e s t s  have actuaZZg been 

perfomed yet. I f  these are encouraging, we may then move 
on t o  include other tracer gases. 

J. Dewsbury When you took sampling tubes from several sampling points 
(UK) in each zone, why did you manifold them together before 

analysing the samples ? Were you not throwing away potential 
data on tracer distribution within each zone ? 

R. Walker Yes, we are losing information. This was a practical problem. 
(UK) In the f i r s t  case, we only had the facil i ty  t o  sample s h  

Zines and i n  the second case, since three times the length 
of tube runs wouZd be required, there were problems i n  
Zaying without unduly interfering with occupants duties/ 
environment. 



Wednesday morning - 28 September 1983 

Session 4: 

Chairman: Peter Jackman ( U K )  

Paper 13 : 'Retrofit-planning-tools for  inst i tut ional  and residential  
buildings with user-influenced a i r  i n f i l t r a t ion '  presented 
by Peter Hartmann (Switzerland) 

J .  Dewsbury What i s  the price of e l ec t r i c i ty  in Switzerland and how 
( UK) common i s  e lec t r ic  heating ? 

P. Hartmann *ice of  e lec tr ic i ty :  
(switzerzand) - low period (night) : similar t o  o i l  ( .u 6-8 ct/kWh) 

- high period (day) : 2-3 times higher 

Electric heating: 

- direct  heating i n  Western Switzerland available (some 
1000 apartments) 

- storage heating a l l  over Switzerland but only i n  a small 
percentage of apartments. 

W .  de Gids Why d idn ' t  you take t h i s  opportunity to include the 
(Netherlands) dis t r ibut ion of a i r  leakage over the building envelope ? 

P. Hartmann This i s  possible and surely needed for small houses where 
(Switzerland) d i f ferent  se ts  of such tables according t o  house type w i l l  

be evaluated. 

W .  de Gids On what information a re  the behaviour figures based ? 
(Netherlands) 

P. Hartmann Figures of user behviour are based on d i f ferent  observations 
(SwitzarZand) and measurements. They shou that  window opening i s  more 

frequent i n  t i gh t  houses than i n  Zealcy houses. 

W e  de Gids Why did you not give some impression of energy and/or cost 
(Netherlands) in f igure 3 ? 

P. Hartmann Consultants are used t o  calculating these e f fec ts ,  but we 
(Switzerland) could include t h i s  information i n  an additional table ,  

D. Harrje In your figure 2,  the difference in a i r  change ra tes  between 
( USA ) "rather t ight"  and "rather leaky" i s  only 20%. Please 

comment further on t h i s  s l ight  variation. 

P. Hartmann Data i n  figure 2 include natural in f i l t ra t ion  and user- 
(Switzerland) influenced in f i l t ra t ion .  Natural i n f i l t r a t i o n  alone would 

spread much more than 20%, but the final resu l t  i s  much 
closer because users tend t o  compensate by opening windows 
o f ten  i n  t i gh t  buildings and vice versa. 

P.  Caluwaerts I s  i t  possible to extrapolate your graphs for  international 
(Be1 gium) use ? 



P. Hartmann The graphs can be used i n  other pZaces but have t o  be 
(Switzerland) re-caZcuZated i n  connection with 

- wind speed conditions of each couztry 
- user behviour (standard user with upper and Zower l imits)  

Also other assumptions have to  be considered i n  connection 
with ZocaZ conditions, e. g. hportance of stack e f fec t .  

Supplementary 'The reduction of a i r  i n f i l t r a t ion  i n  f l a t s  and timber- 
Paper: framed housing in the U K  through simple r e t r o f i t  procedures" 

presented by Ian Ward ( U K )  

P .  Hartmann For your experiment of measuring leakage of specif ic  gaps, 
(Switzerland) do you pressurize the box and the surroundings o r  only the 

box ? 

I. Ward A t  the moment, the t e s t s  m e  expZoratory and we have not 
( U K )  prsssurized the surrounding areas. It i s  our intention t o  

t r y  both pressurizing the surrounding area by a blower door 
and also trying a double box system. 

D. Harrje In your tightening procedure, i t  would appear from other 
( USA) r e t r o f i t  experience tha t  levels of 6 ach might be a target 

value. In order to  achieve such improved tightness more 
than cracks may be involved and infrared pressurization 
techniques would prove useful to check such areas a s  in te r ior  
walls looking fo r  bypass s i t e s ,  

I. Ward I quite agree with your comments, but as the slides indicated 
(UK)  we have been unable to  check the influenee of internal walls 

t o  date. 

Paper 14: 'Air i n f i l t r a t ion  i n  New Zealand houses' presented by Mark 
Bassett (New Zealand) 

J .  Kronvall What kind of ventilation system exis t s  in the houses with 
(Sweden) severe condensation problems ? Are there, for  example, any 

pipes fo r  natural ventilation a t  a l l  ? 

M. Bassett There are no mechunical ventilation systems or ventilation 
(New Zealand) openings of a fixed nature. The ventiZation addition to  

natural a i r  ventilation i s  by occupant window opening. 

R. hleimar What were the sources of moisture in the houses discussed, 
( USA i . e .  were they from inside the house o r  from the outside 

atmosphere condensing on the walls, or both ? 

M e  Bassett In  the examples discussed, the moisture was released i n  the 
(New Zealand) living space and not transferred through the building 

cavities. There are, however, moisture probZerns i n  New 
Zealand houses that are caused by air-Zeakage-carried 
moisture; mostly they show up as a problem within the 



building cavity with the potential t o  cause structural 
prob Z ems. 

D.Harrje Considering your rather  mild climate and need to  remove 
( USA ) i n t e r io r  moisture, woul'd i t  not make sense to  consider the 

mechanical dehumidifying systems which could supply both 
the heat and the drying tha t  i s  required ? 

M. Bassett MechanicaZ dehwnidi,ci;&ation i s  one of the options that must 
( N e w  ZeaZand) be considered i n  evaluating re t ro f i t  measures t o  controZ 

indoor moisture problems. Others such as heat recovery, 
ventiZation w i l l  also stand a chanee but, so far, we have 
not euaZuated the options d cost effectiveness, 

D. Harrje Incidentally, the NBS US data - pointed out i n  f igure 3 - 
( USA a re  f o r  relat ively old housing (usually more than 40 years 

old) and are  not representative of today's housing which 
would tend to  c lus te r  near the 10 ach level . 

Paper 15: 'Airtightness of residential  buildings in Japan' presented 
by Hiroshi Yoshino (Japan) 

J. Kronvall Were the pressurization t e s t s  conducted with over- and under- 
(Sweden) pressure and, i f  so, a re  the reported resul ts  each to the 

mean flow value ? 

H.  Yoshino In rather Zeaky buses  belonging to  Rank 5, no significant 
(Japan) difference i n  airtighkness between the two methods was 

found. However, i n  a t ight  house - for example No,12, 
airtightness obtained by depressurization i s  much less than 
that obtained by pressurization. 

J. Kronvall f n  some cases, as f a r  as  pressurization t e s t s  a re  concerned, 
(Sweden) you have a flow exponent ( a )  larger  than 2 ,  which i s  

physically "impossible". Have you any explanation for  th is?  

H. Yos hino In  those cases we have measured the Zow pressure difference 
(Japan) under a sl ightly windy condition. This af fects  the 

measurement with the result  that the caZcuZated regression 
curve obtained using these measured results has a flow 
exponent Zarger than 2. 

W .  de Gids Why do you measure a t  lower pressures than others ? 
(Nether1 ands) 

H. Pushino Pressure differences under actual conditions are under 10 Pa. 
(Japan) Therefore I think it i s  not necessary to  measure i n  the 

range over 50 Pa. 

W .  de Gids What kind of pressure transducers do you use ? 
(Nether1 ands) 

H. Yoshino We use the capacitance manometer type. 
(Japan) 



Paper 16 : 'Component leakage areas i n  residential buildings' presented 
by Max Sherman (USA) 

D. Harrje As the co-author of reference 9 ,  which has used a very 
( USA similar rational to form a component l i s t ,  I am happy to 

see continued work along th is  l ine  of thinking. Perhaps 
the biggest difference is  tha t  reference 9 stressed 50 Pa, 
whereas this paper has stressed 4 Pa data. The choice 
between these two pressures i s  debatable but qecent data 
obtained in the f i e ld  a t  50 Pa is  indicating - 3% error 
bands, b u t  extrapolated to  4 Pa f 15% errors are found. 
Since different  countries evaluate leakage a t  different  
pressures, retaining 50 Pa values was our choice. The 
important goal of the addition of more detailed component 
leakage values i s  one part  of current research a t  Princeton 
where laboratory conditions allow evaluation a t  even low 
pressure 1 eve1 s ,  being f ree  of wind fluctuations . 

M. Sherman The fact that a quantity can be measured accurately does 
f USA) not mean that it i s  the appropriate quantity to  measure. 

Inf i l trat ion i s  driven by fo~ces  i n  the range of 4 Pa and, 
therefore, the appropriate Zeakage quantity i s  the Zeakage 
near 4 Pa - not 50 Pa. Any model that uses the 50 Pa value 
must, either implicitly or explicitly,  convert it t o  the 
lower pressure. The process cannot be more accurate thun 
the extrapolation that yields the 4 Pa value i n  the f i rs t  
pkce .  I f ,  however, one i s  measuring Zeakage for some 
purpose (other than in f i t t rat ion)  the use of the 50 Pa 
number may be appropriate. 

M. Liddament I t h i n k  that  your data base would be of greater value i,f i t  
(UK) contained pressure coefficient and flow exponent datq.. 

Then i t  will be compatable with a l l  methods o f  defining a i r  
leakage. By reducing t h i s  information to  "effect ive area" 
the value of th i s  data base will be restr ic ted.  

M. Sherman The data base i s  designed for use by designers, auditors, 
(USA) architects and other non-experts. For their use, it should 

be simple t o  use and understandable. Effective Zeakage area 
has both these advantages; it can be used i n  such simplified 
physical models as the LBL in f i l t rat ion model and can easily 
be understood i n  terms of the equivalent mount of open area. 
Furthermore, the data base represents an average of m y  
individual components and, while it i s  quite simple to  
average Zeakage area, it i s  not possible t o  combine Zeakage 
coefficients and exponents and retain the meaningful 
information. 

R. Grot Do you think that a l l  leakage areas are  now known and that 
(USA) there i s  no large leakage area in another category ? 

M. Sherman For the study we conducted it appears that a l l  major Zeaks 
(USA) have been characterised. liz general, th i s  w i l l  be true for 

new construction, In existing buiZdings, age and occupant 
modi$ications w i l l  make a component swnmation far less reliable. 



R. Grot If  you know a11 leakage areas, i s  i t  s t i l l  f ru i t fu l  to 
(USA) worry about 4 Pa, 10 Pa, when models ex is t  tha t  use the 

exact solutions to the flow-pressure equations ? 

M. Sherman The concept of leakage area i s  useful for both construction 
f USA) quality and in f i l t rat ion modelling. For modelling ef forts  

it i s  important t o  use the correct value (the one that i s  
most typical of in f i l t rat ion pressure i s  4 Pa). I f  one i s  
using a Zarge computer program and i s  not worried about 
simplified caZcuZation procedures, then a more accurate 
solution i s  possible. This, however, i s  misleading because 
the uncertainty associated with other parts - particularly 
the wind shielding values - overshadows the e f f ec t  of leakage 
asswnptions . 

C. Weinmann What about the capabili ty of the energy signature to  give 
(Switzerland) an evaluation of the a i r  in f i l t r a t ion  rate  ? 

M. S h e m n  The concept of the energy signature i s  to  record the energy 
(USA) consumption i n  a building during several days or weeks. 

The measurement programme i s  organised so that d i f f i cu l t  
states of use of the building and of the heating plant can 
be analysed: 

- heat Zosses from the heating plant alone. 
- energy needed for hot water production. 

I t  i s  possible t o  obtain, with a good accuracy, the energy 
ef fect ively used for heating the house Q, which i s  equal t o  
the sum of heat losses due t o  transmission QT + heat losses 
due to  air  change Qach minus free heat coming from external 
and other internal heat sources QFH 

With other considerations, one finds that a bar temperature 
Tb can be defined for the considered house, Tb means the 
temperature l i m i t  below which the house needs t o  be heated. 
The difference between Tb and the effective indoor 
temperature T i  gives exactly the amount of free heat which 
has contributed for the heating of the house bgtween Tb and 
T i  during the measuring period. QFH may then be evaluated. 
I f  QT i s  evaluated too, then Q may be obtained with an 
accuracy which seems t o  be goo2c2nough for an e f f ic ient  
energy audit. 

The air  change rate may be determined as 

n - + 0.2 h-' 

This result  should just i fy  the opportunity for calling the 
specialist  for our leakage problems or not caZZing him. 

Further work i s  made i n  Lmsanne within our group and we 
wish t o  give more infomation on that later. 

M. Liddament Could you up-date us on the progress of the LBL AC 
( U K )  pressurization technique ? 



M. Sherman AC pressurization i s  a technique that uses a low pressure 
(USA) aZternating pressure signal to  synchronousZy detect a<r 

leakage. F?e are i n  the process of developing systems tk~t 
will work i n  the 1-10 Hz (infrasonic) range. We hope that 
within a year we w i l l  have a working field device that 
wouM replace fan pressurization as the best way t o  measure 
airtightness. 
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