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The, paper describes a ventilation prediction wtllod which is mdear develi.op=nt 

a and which is considered to have the potential to be an advance bver currently 

available wthods. The iqsrtanee of an zaccuratie knowledge of wind-generated 

pressure distributions a d  of backgrolsrtd lea'kage.areas is dewascrated 
t 

qu;j;otitnti&ly. Breli&na~y. cosogarisons between field measurements and 

predictions are presented m d  show encouraging agreewnt. The iqlications 

of $he work f o r  eaeru consematiotb are discussed. 



TB3 PPCEDIC'PION OF WWIEW3.TIQN I N  HOUSES 

AND TEE I%fPF,ICATlONS ' FOR ' EhTRGY CONSERPATION - -- -p----- 

V e n t i l a t i o n  hea"bosses are i.jag7o-etant f a c t o r  i n  the energy balance of  

houses, p a r t i c u l a r l y  low-energy houses, and 2% is des i rab le  t o  be able 20 

pred ic t  v e n t i l a t i o n  r a t e s  accura te ly .  Qther seasons ssem f r o m  the i q o r t c z n t  

r o l e  that v e n t i l a t i o n  plays  i n  determining the indoor e n v i r o m z n t .  

The o b j e c t i v e  of t he  work descr ibed was t o  develop an accura te  aind r e l i ab le  

p r e d i c t i o n  method which could be  used f o r  c a r q - i n g  ou t  genera l i sed  investigatians 

o f  v e n t i l a t i o n  with a reasonable degree of confidence. The a v a i l a b l e  predicti.cn 

m2th0ds were no t  considered to be s u f f i c i e n t l y  accura te  because of t h r e e  

major shorrcanings. F i r s t l y  they d i d  not  desc r ibe  the f l o w  through G E ~ C ~ S  

in a physically acceptable manner, Secondly they made use of genera l i sed  

values  of external p ressure  d i s t r i b u t i o n s  taken from guidebooks; such 

d i s t r i b u i i o n s  genera l ly  apply t o  buildings i n  isolation and d c e  no allowance 

fo r  the geometry of the s i t e  i n  ques t ion.  T h i r d l y ,  they did not  accouxxt f o r  ,.. .: 

background leakage a reas .  These a r e  b a s i c a l l y  the r e s l d u a l  open a r e a s  through 

which v e n t i l a t i o n  occurs when a l l  cracks arocmd doors and windows have been 

sea led  (and purpose-provided openings have been. c losed) ,  Work done by Bui ld ing  

Research ~ s t a b l i s h m e n f ' ~ '  and by B r i t i s h  Gas Corporation a t  Wstson Ilouse (see 

below) have shorn that i t  i s  e s s e n t i a l  t o  account f o r  the background lezkage 

a r e a s ,  

Tlae nanner in which the above shortcoai-ngs have beex1 resolved i n  the yrescn: 

method is b r i e f l y  described in Section 2, Sect ion 3 desc r ibes  pre l iminary  

field masurements which have been c a r r i e d  o u t  to t e s e  the method and ehe 

comparisons between p r e d i c t i o n  and measurement a r e  given i n  Section 4 -  In 

Sect ion 5 t h e  f u r t h e r  development of t h e  m t h o d  i s  described.  It must be 

s t r e s s e d  that the method is in its infancy and f u r t h e r  work i s  required 

be fore  i t  could be considered f o r  use a s  other than a resea rch  too%,  I n  

p a r t i c u l a r  it will be seen chat  d e t a i l e d  infs~mtiou is needed as b a s i c  d a t a  

f o r  t h e  p r e d i c t i o n s .  %ether or not  the method could be used as a design aid 

depends on whether o r  n o t  this data can be s u f f i c i e n t l y  generalised. 



PkltbaugPr the main aim of t h i s  papzr i s  t o  describe t h e  p r e d i c t i o n  method, 

same aspects of the work have implicatioas fo r  energy coaservation aad thesz  

a re  b r i e f l y  discussed i n  Section Q. 

Basic Hethod 

The bas is  o f  the method i s  a solut ion of the simultaneous equations 

describing the f l o w  o f  a i r  through cracks i n  the dwelling, coupled 

with the cemtinui.ty equation. By supplying  da ta  about the g e o m t r y  

of the cracks a d  data  from which t h e  pressures actj-ng on the cracks 

c m  be deterixined, t he  equations can be solved by an i t e r a t i v e  

procedure, In  view of the large rider of f l o w  equations corresponding 

t o  the  la rge  n a b e r  of cracks, the solut ion has t o  be carr ied out by 

a d i g i t a l  computer. 

(4.1 me crack f low equations used are those described b y  Etheridge . 
For simplici ty  the doors and windows are  not divided in to  t h e i s  component 

cracks, but each door and windov i s  t rea ted  as a s ingle  crack, which i t  

i s  of ten permissible t o  Similarly each background leakage area ,. - . *  

is represented by a s ingle  type of crack (see sect ion 2.2.3, below), 

Natural vent i la t ion  a r i se s  from the pressures generated across open 

areas b y  the action of the external  wind (wind e f fec t )  ajlld bp differences 

between the in te rna l  temperature of the dwelling m d  d i e n t  (stack 

e f f e c t ) .  It w i l l  be seen below that it i s  n e c e s s a ~ y  t o  include s tack 

e f f e c t  i n  the prediction method. 'fiis i s  achieved i n  the present 

method by adding the pressure difference across a given crack due t o  

s tack e f f e c t  ,4 p s ,  to  tha t  due to wind e f f e c t ,  Apv. I f  the height 

between the centres of the two windows i s  h, say, then the neut ra l  axis 

i s  assumed t o  be midway between the centres,  so t h a t n p s  i s  given by:- 

&ere To and Ti a re  the absolute external  and in t e rna l  t e q e r a t u a e s  

respecti?relg, 



TQ be able t o  so lve  t h e  above equationis, a cons ide rab le  mount: of da t a  

about the bu i ld ing  under inves t iga t ion  and about the  meteorologica l  

cond i t ions  has t o  be supp l i ed ,  h the  f o l l o w k g ,  the nature of  this 

data and the way i t  has Zeen obtained f o r  one p a r t i c u l a r  dweElimg are 

2.2. Data requ i red  

A l l  of the foPIowing informat ion  r e l a t e s  t o  a ten-roomed detached house 

s i t u a t e d  i n  a bui l t -uy  area. This house has been a v a i l a b l e  f o r  

experimental  puzrposes and i s  &occupied. Figure.  l shows the layout of 

the two f l o o r s ,  

Test House-First f b r  plan 
FIGGRE 1. Floor  p l a n s  of tes t  house 



2,2,1, Extefiaf 'Prea9ure Dis t r ibu t ions  

The pressure d i s t r i b u t i o n s  generated. by the wind on the ex t e rna l  

sur faces  of the house are of ten  a m j o r  fac tor  i n  determining 

the preosure di f ference across  each crack. It i s  impract ical  t o  

measure these  d i s t r i bu t i ons  on the  ac tua l  house, and so i t  was 

decided t o  obtain them fromwiwd tunnel t e s t s .  Accordingly a 

1/50th s c a l e  model of the house complete with the i 

adjacent  bu i ld ings  was b u i l t  2nd was m a t e d  on a t u rn t ab l e  i n  

a 2m x Ixn wind tunnel. Et is e s s e n t i a l  for such tests to 

simulate t he  atmospheric boundary l ayer  (5) and t h i s  was 

achieved in t h i s  ins tance by a combination of a large-scale 

turbulence g r i d  and roughness elements, P l a t e  1 shows the 

model. installed i n  the  tunnel.  

PLATE I, Teat  house model a d  outbui.ldinga 





P I G m  3, Pressure variation'for door on East fa.ee 

,T%e i-mpartance of using pressure distributions which ere p e c u l i a r  

to the p a r t i c u l a r  site rather than distributions presently given 

in guidebooks is demonstrated in Fig .  5. Values taken froa a 

guidebook are compared with wind tunnel values and large 

difierences are apparent. 

SHELTERED 

, . 

East Face 
Wn&mrd Leeward . U 

I t3VE value Gp-0.5 $0 8-8 IHVE value Cpz-0.3 to-04 

West Face 
beward W d w a d  

IWVE value C p = - 0 - 3  b-Q4 IHVE vahe Cp=Q5 to0.8 

F I G W  4 .  Comparison bemetn wasured Cp values a d  IEVE values for 

sheltered E a s t  face and m exposed Vest  face, 



2,2,2, Open Areas 

The apen areas, A, of a l l  of t h e  doors azld windows of the t e s t  

house have been aeeasureri. by t he  pressure/exlract method pad by 

mrkink use g,? che crack :low equations ' ' ' e  B r i e f l y ,  t h e  

technique i s  t o  mzasure the flow r a t e s  throagh t h e  e o ~ p o n e n t  

for a range of knoia pressure differences  a p p l i e d  across the 

eozqonent: For each a p p l i e d  p ressu re  dif ference a value f o r  tks 

open area can be ca fcu laked  us ing the crack flow equations, once 

the crack t ype  an3 ce r t a in  of i t s  dkmnsi.ons have been spec i f i ed ,  

F i g ,  5 shows typical. .L-esufks obtained for a. land.fng windorr ant! 

it czz  be seen t h a t  the e s t i r ~ a t e d  open are2.s do no t  vary great ly  

with flow rate, This shows $hat t h e  crack f l ow  e q u a ~ i o n  d e s c r i b e s  

t he  f l o w  cha rac t e r i s t i c s  sf this  p a r t i c u l a r  c o q c n e n t s ,  Similar 

results were a b ~ d n e d  far all the o t h e r  corponents, 

,4 

o Air entering 

&Air leaving 

F B G W  5. Estimates of open area f o r  a window of the test hbd$e 

Table 1 shows the e s t i m a t e d  v a l u e s  f o r  A 0% a l l  the windows a d  

external doors.  In  t h e  Table,  L denotes the  length  of t h e  crack 

and Z the width  of the crack, 'Flze crack type clan. be  choses f rom 

three types ,  i . e ,  s t r a igh t - th rough ,  L-shaped a1d double-bend, A 

c e r t a i n  amount of  l a t i t u d e  is pe-cmissible'4' when specifying these 

crack parameters ,  



Bedxoom 9 
Behoom 2 
Beboom 3 
Berhoam 4 
E a t  broom 

Beboom 1 
Beck-osm 2 
Be&oom 3 
Bedxoam 4 
~ t ~ o o m  

TABU l, Open areas of room components 
P- 

2 I !~A.E>-%-~-A -a*--, 

Air leaving 7 
r o c z  
=-p-- 

.O-i-l4 

.0063 

.013 
0064. 

-0085 
.0032 
.m76 
e0-10 
.O%O 

The open areas of the components could have been obtained by direck 

nehsurezraent, with a feeler gauge aud a r u l e r ,  say, This is probably 

what would have to be done razader rao l circumsranees~ Eowever, 

higher accuracy is likely to be obtained from the  pressure/extract 

technique a d  t h e r e f o r e  t % ~ i s  was used for Zhe present estimates. 



2 .2 .3*  Background Leakage Areas 

Work carried gut by the Building Research ~stablishment'~' has 

sh.om ehat the flow of a-3.r into a house is not due so%ely P;Q 

C K ~ C ~ . S  around doors and wZndows. Therefore it was decided to 

obtain estimates of the backgrowrid Leakage areas of each of 

the room dlaxililg the course of the pressure/exkract tests, 

The backgromd leclkage area of a room i s  here defined as the 

open area which remains when a91 of the doors and windox?$ in 

the room (and purpose-provided openings) are sealeds 

There are mxiy c'mdidates for background leakage areas, h n g s t  

these are the fol1owikg:- 

Porosity of walls, ceiling and f l o o r  ( e , g .  i nv i s ib l e  kafr l ine  

eracks. 

Lighr swisches 2nd other  electric fitments. 

Cracks near pipes,  fo r  example  LIE to central heating system, 

mains water and gas. 

Cracks under the windowsill and around the window-fr 
,- 

opposed to fhe windows themselves. SirniEarEy for doo 

Cracks hidden by skirting boards. 

The backgromd leakage areas were estimated in the e m  vay as 

those of the doors and windows. Fig, 6 shows a typical set of 

6 ,  Estimtes of backgromd ledage area of a bedrom, - 



Since  t h e  small cracks which c o n s t i t u t e  the  background ledcage a r ea  

cannot general ly  be d e f i n e d ,  t h e  choice of the  crack parameters f o r  

c a l cu l a t i ng  the open area is neces sa r i l y  rather a r b i t r a r y ,  

Nevertheless i t  was found that the  crack flow equations could give 

a reasonable desc r ip t ion  of the flow c h a r a c t e r i s t i c s  ( see  F ig ,  6 )  

and f o r  convenience i t  was decided t o  d s s c r i b e  the flow through t he  

background leakage areas  i n  t h i s  way. Table 2 shows the  es t imated 

v a l u e s  of h and t he  chosen crack parameters f o r  t h e  backgroulrtd 

leakage a r ea s ,  It can be seen t h a t  the  background leakage areas 

are appreciable  i n  relation t o  the coqoneizt areas  given i n  Tab3.e I. 

L 
Crack Distance 

I 
Cra,ck Type Length through 

(m) ~rack(m) 

Lounge & Dining Room 

TABU 2 ,  Background leakage areas of  the r o o m  of the t e s t  house 



Having est imated the  background areas  o f  ind iv idua l  rooms, t h e  

next problem i s  t o  es t imate  t he  d i s t r i b u t i o n  of the  a reas  wi th in  

t h e  rooms. TJc need t o  know not only t he  magnitudes of the  areas, 

but  a l s o  the spaces between which they comiunieate. This problem 

i s  considerably s impl i f i ed  i f  we restrict-. ou r  a t t e n t i o n  t o  t he  

case  of the house with a P P  i n t e r n a l  doors open, ( I t  i s  intended 

t o  consider the more general  case (so= o r  a l l  i n t e r n a l  doors 

closed) a t  a l a t e r  da te) ,  For p r ed i c t i ng  she v e n t i l a t i o n  sate of 

t h e  house i n  t h i s  s t a t e  we need t o  h o w  only t he  propor t ion of 

the backgrom~.d areas  which e o m ~ i c a t e  from the  i n t e r i o r  6s  t he  

ex t e r i o r .  This infoxmation was obtained f o r  t he  t e s t  house by 

carryixzg out  a f a i r l y  simple t e s t  followed by " t r i a l  and e r rors '  

c a l cu l a t i ons ,  as  des cr ihed i n  the following. 

2.2.4. Background Leakage Area Test  

For t h e  background leakage a rea  t e s t ,  ,all of t he  internal. doors 

of t he  house were opened, and a l a rge  e l e c t r i c  fan was used t o  

blow a i r  i n t o  t h e  house a t  a known r a t e .  m e  ' s t a t i c  p ressures  on 

t h r e e  ou ts ide  walls of t h e  house were then measured re la t ive  t o  , . 
the p ressure  i n  the h a l l  i n s ide  the house. The fan pressur i sed  

the house t o  such an ex ten t  a s  t o  make cont r ibu t ion  t o  t he  

v e n t i l a t i o n  by both wind =d s t ack  effecrr al.mst negligible?,  

Calcula t ions  were then ca r r i ed  out  wi th  the  p r ed i c t i on  method 

with var ious  percentages of t h e  t o t a l  measured backgrom'd leakage 

a reas  c o m m i c a t i n g  d i r e c t l y  between the  i n s ide  and ou ts ide ,  

Table 3 compares the  measured pressures  with those ca lcu la ted  

us ing d i f f e r e n t  d i s t r i b u t i o n  of background leakage area, It is 

, e a s i l y  seen t h a t  i f  'the backgrounds a r e  ignored t h e  e f f e c t  i s  t o  

make t he  house much too t i g h t ,  and hence a very high pressure  

d i f fe rence  i s  predic ted.  I f  a l l  of the backgrounds a r e  assunned 

t o  communicate t o  the  ou ts ide ,  then the  house becomes too leaky. 



YAIJ OX : FLOW tr 0.5'7 3 2 ~ / E I  -B-* E,BCKGRQUKDS DIIBCT TO O ~ S Z ~  

ALL _IO% Ol?E3i -@- DISTRIBUTIONS X AND II 

TABLE 3. Pressure  d i f fe rences  between t h e  h a l l  and e x t e r n a l  w a l l s  

Clearly t h e  s o l u t i o n  t o  t h e  problem l i e s  somewhere between these  

tvo e x t r e m s .  Two poss ib le  d i s t r i b u t i o n s  (denoted 1 a d  11) are  

described below, Both of these  give good agreement wi th  t h e  

measured p ressures  of TaSle 3. Probably many o t h e r  d i s r r i b u t i o n s  

could be pu t  forward, bu t  w e  have chosen two simple ones, It is 

n o t  p o s s i b l e  simply on t h e  b a s i s  of  t h e  one t e s t  descr ibed above 

go decide which df these  d i s t r i b u t i o n s  i s  t h e  c l o s e s t  t o  r e ~ l i t y ,  

This  w i l l  have t o  be done by comparing t h e  p r e d i c t i o n s  of t h e  

d i s t r i b u t i o n s  raith a c t u a l  v e n t i l a t i o n  measurements, A prelirai-nary 

attempt t o  do $ h i s  i s  descr ibed i n  Sect ion 4 .  

' D i s ~ r i b u t i o n  1 represen t s  approximately what i s  considered t o  be 

a l i k e l y  d i s t r i b u t i o n ,  One would exrect t h a t  t h e  backgromd 

i n f i l t r a t i o n  v ia  the w a l l s ,  both e x t e r n a l  and i n t e r n a l ,  kaould be 

,the major source. Therefore assuming even d i s t r i b u t i o n  over t h e  

walls, half of $h i s  c o n t r i b u t i o n  would be "cmugh outex ~ e ~ a % l s  and 

half through inner ones. The ceiling and f l o o r s  would a l s o  be 

expected t o  mike a con t r ibu t ion  t o  t h e  t o t a l  open area, For the 

d o ~ x s t a i r s  r o o m  though, t h e  f l o o r  was sea led  w i t h  polytihene 

shee t ing  a d  so  should be tight, 



There should also be very little exchange between the ground and 

upper floors via the ceiling, Only a very small pressure difference 

e x i s t s  b e t ~ ~ e e n  tlre two and the partition i t s e l f  is, of necessity, 

a fairly solid constructisn since it also forms t h e  floor of the 

upper storey, For ups ta i r s  room however, there  i s  only a chin 

ce i l ing . l aye r ,  which is perforated i n  several places by electric 

l ight  fittings. W large pressure difference exists across it aad 

so this muPd be a major baclcgromd source. Based on t h i s  argm\f.uQ 

the foklow-iqg dis txibut ion was f o m d  t o  satisfy the backgro-md 

test (See Table 31, 

(50X in te rna l )  , 

Upper Ploor 

40% Through external walls 

(35% in te rna l ) ,  ,.. 

25% Through ceiling i n t o  l o f t  space 

~istributihn I1 is a m r e  extreme case,  and was chosen to show thae 

background leakage area distributions are important ?ad must be 

assigned correctly.  I n  t h i s  case e x f i l t r a t i o n  through the  ceiling 

of the  upper storey was taken as  the only source of backgrouad f o r  

upstairs room, The axgument for the kowea f loor  remined tbe sake, 

Lowex Floor 

50% Through external walls 

(50% internal) , 

Vpper Floor 
100% Through ce i l ing  into loft spaceo 



3.  VENTILATIOE M.EASIRE?ENTS IN TEST HOUSE -- 

The f i r s t  s e r i e s  of measurements of v e n t i l a t i o n  r a t e s  i n  the  t e s t  house has 

recen t ly  been eonpleted,  

The technique adopted was t o  f i l l  the  house with helium t r a c e r  gas and CO 

monitor t he  decay i n  as  many rooms a s  poss ib le ,  Since only one analyser  was 

ava i l ab le ,  t he  decay could be monitored continuously i n  only one 02 t h e  

rooms. For t he  o the r  rooms, saap les  of the  room a i r  were taken a t  discrete 

time i n t e r v a l s  and s to red  i n  gas sampling b o t t l e s  f o r  subsequent anal.ysis, 

In  a l l  of the t e s t s  thc i n t e n l a l  doo r s  were kep t  open, and each door a d  

window was investiga'zed with a smoke tube t o  a s ce r t a i n  whether the  a i r  was 

en t e r i ng  o r  leaving the  i n t e r i o r ,  

Four runs were ca r r i ed  out  and the  meteorological  condit ions c ~ r r e $ ~ o n d i n ~  

t o  these  a r e  given i n  Table 4. For Run 3 the  c e n t r a l  hea t ing  i n  the  house 

was switched o f f  so t h a t  s t a ck  e f f e c t  would be neg l i g ib l e .  For t he  o the r  

th ree  runs,  s t a ck  e f f e c t  was considerable ,  since i t  was f o m d  from the  smoke 

tube t e s t s  t h a t  the  pa th  of the  v e n t i l a t i o n  a i r  was such t h a t  a l l  of i t  ,- 

entered through the  downstairs components and l e f t  through t h e  u p s t a i r s  

components. This has been taken account of i n  the  es t imat ion of t h e  t o t a l  

a i r  change rate of t he  house, R. That i s ,  R i s  defined by:- 

t o t a l  a i r  flow r a t e  i n t o  house R = -------- 
t o t a l  volume of house 

and Q T ~ T  5s obtained by s d n g  t he  flow r a t e s  f o r  those rooms where t he  

sir  en t e r s .  These flow r a t e s  are given by the  product of the  neasured decay 

r a t e  and the  room volume. 

Table 4 gives t he  values of R obtained f o r  the  four  runs which ranged from 



TABU3 4 ,  Ventilation measurements in the t es t  hocse 

'Ske comparison between t he  f o u r  f i e l d  ,masurements a d  the p r e d i c t e d  values 

are presented graphically i n  Figures 7 t o  10 belov, This form of presentati ,os 

has keen chosen, instead of a sinple table of values, because it allows other 

f ea tu r e s  of Izhe preiic~ions to be demonstraked, i , e .  &lie d i f fe rences  ar i s ing  

E r a m  Che use of Dis t r ibu t ions  I a d  ZE and from the complete neg lec t  of 

background leakage areas .  Each of the four f i e l d  aasuremnts corresponds 

ea one wind directicjss. and one value of temperature difference, 8 T, between 
the interior a d  d i e n t ,  Accordingly t he  predictions are in the form of 

p l o t s  of  fresh air change rate against mean wind speed. . The measured v x % ~ ~ s  

of fresh air chmge rate are ind ica ted  by a bar which gives an h&.catioa 

of the passible errors involves in the interpretation of the t r a c e r  gas 

decay records, 

E m  I.(Pigrare 7). 'Fke diagram sbaws that the measured air chmge sate is 

nearly three times larger than t h a t  p red ic ted  i f  backgramds are igaosed, 

&ever, if the backgrounds are distributed as stated f o r  Distribution I, 

then &he predicted value is 82% of that measured. For Distribu%ion 11 the 

pred ic ted  value l ies  rajitbiu e x p e ~ i n e n t a l  error, This c l e a r l y  demonstrates 

%he effect of the backgrumds, p a r t i c u l a r l y  as regards the munt allov~ed 
to exfiltrate through into the loft space. 
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FIGURE 7. Comparison between p r e d i c t e d  and measured a i r  change ra.tes . . l 
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Run 2, (Figure 8), P r e d i c t i o n s  w i t h  no backgrounds are aga in  shown, and 
l 

l 

a r e  a f a c t o r  of t h r e e  less than the r a t e  measured. D i s t r i b u t i o n  I g ives  
l 

a value t ha t  is 61% of that recorded while D i s t r i b u t i o n  I1 is w e l l  within l 

experimental e r r o r .  l 

S l 
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FIGURE 8. Conparison between p r e d i c t e d  and measured a i r  change rates. 
,- 

Rua 3,  (F igu re  9 ) .  Calculated values a r e  only shown f o r  D i s t r i b u t i o n s  I 

and TT. Both a r e  h igher  than t h a t  measured, w i t h  Di .s t r ibut ion I t h e  cl.oser. 

Wind speed ( m /S) 

Rm~m 9. conparison between p r e d i c t e d  and measored a i r  change r a t e s  



Run 4. (Figure 10). The most s t r i k i n g  t h i n g  t o  be seen  us ing  D i s t r i b u t i o n  1: 

is the grea t  d i f fe rence  i n  p r e d i c t e d  v e n t i l a r i o n  r a t e  caused by 2 small change 

i n  wind d i r e c t i o n ,  This i s  due t o  t h e  geons t ry  of the s i t e ,  a l l owing  the  

house t o  pass r a p i d l y  f r o m  a s h e l t e r e d  s t a t e  t o  one where it fee%s the  full 

e f f e c t  of the wind, T h i s  e f f e c t  (which a l s o  a p p l i e s  t o  D i s t r i b u t i o n  11) 

should  be l e s s  pr~~0UXIced  i n  r e a l i t y  because  o f  t u r b u l e n t  f l u c t u a t i o n s  in 

the  wind d i r e c t i o n  (Table 4 ) ,  I f  account  were taken of t h e s e  fluctuations 

bo th  Distributions f and  91 would give p r e d i c t i o n s  which a r e  b e t t e r  t k m  

appears a t  Zirst s i g h t .  

"'Or 
- - - v _ _ _ _ l ~ ~ - ~ - ~  

1 2 G 4 5 6 
Wind s p e d  ( n ~ / s )  

FIGUFa 1 O a  Coaparison between p r e d i c t e d  and measured a i r  change r a t e s  



To sa~11334~arise the above compa.ri.sons Cwo main points  earl be zaatle. F i r s t l y ,  

there are large differences between Distr ibutioias I ad 11, gartBcul.ar1.y 

when stack effect is dominaxrnt, This enrrphasises the inportance of f inding 

a satisf a c ~ c r y  approxlmtian f o r  the dis$ribution of backgrot'tpad arcas, 

Secondly, it is  not  poss ib le  eo seate  'with confidence that Distributioa I 

is better than Distribution XI, although on average t h e  d i f fe rence  between 

aeasuremen$ t33d pred i c t i oa  is smaller %or Disdxaibutisn I, Flsckr mre 

e:qerimwzal data is required so that distinct Crends can be iden t i f i ed ,  

Hevextheless, bearing i n  mind the p o s s i b l e  range of e r r o r  inherent i n  Che 

experimental measurements, the eoanparisons given abave are considefed ts 

be encouraging, 

Be &he present ~ P m e  the amdel is in aa early stage of deveiopmatzcrad fur ther  

field 'sests are require4 t o  v a l i d a t e  i t s  u s e  as a research toole (P-xarther 

development work i s  proposed, and should be repor ted at a later date), 

If ghis  can be achieved $he method can bk considered f o r  use aa a design ,*  . . ^  

. aid, FJheEher or not  it can. be used f ~ r  such purposes depecds on wf?.etlier o r  

not siqle mans can be found SOS s p e c i f y i n g  the basic da t a  regui remnts ,  

Of these there are two =in areas where further work i s  required. 

Firstly, the distribusion of background Peakage areas needs to be more f ~ l L y  

understood. For general  purposes one would like to be ab le  to re la te  the 

magnitude asld the d i s t r i b u t i o n  of backgrour~d leakage areas  t o  the s i z e  and 

consi:ruction of dwellings. Bfi-iern one is concerned only with the overall a i r  

c h a g e  rates of a dwelling, it i s  possible that enough information can be 

obtained from a t e s t  similar to that  in use by BR?, (3'. mat is, che 

exCemal doors and windows of the dwelling could be sealed and estimates 

ob~a ined  of "ee t o t a l  backgnomd area by pressuris ing "re house with a large 

f a  with known flow rates* When one i s  concerned the  mariner i n  %lzich 

the  ventilation air passes through t h e  &gelling, mch m r e  d e t a i l e d  i n f s m ~ i o n  

about the d i s t r i b u t i o n  of backgrsunzd ledcage areas i s  required, 'This would 

prohahly have to be obtained by measurwents wi th in  room,  a s  described in 

Section 2,2.2. 



Secondly,  i t  i s  neces sa ry  t h a t  h,adbook v a l u e s  of external .  p r e s s u r e  

d i s t r i b u t i o n s  should  b e  improved. This  nczns t h a t  p r e s s u r e  d i s t r i b u t i o n s  

ob ta ined  i n  v i n d  t - m n e l s  which s i m u l a t e  the  c h a r a c t e r i s t i c s  of  t h e  

a tmospher ic  boundary l a y e r  should be used.  It should  e v e n t u a l l y  b e  p o s s i b l e  

t o  d e r i v e  e f a i r l y  s imple  c l a s s i f i c a t i c a  of p r e s s u r e  d i s t r i b u t i o n s  under 

such  headings  as dwe l l ing  shape,  a d j a c e n t  sur roundings  and d i s t a n t  sur roundings ,  

6. IEPLICATIONS FOR ENERGY @ONSER!7ATEON 

Both t h e  p r e d i c t i o n s  arid t h e  measurements desc r ibed  above have d e u ~ o n s t r a t e d  

t h e  i q o r t a r l t  c o n t r i b u t i o n  t h a t  background a r e a s  make t o  t h e  t o t a l  v e n t i l a t i o n  

r a t e  and hence t o  t h e  t o t a l  v e n t i l a t i o n  heat  l o s s .  Herein l i e s  t h e  main 

i m p l i c a t i o n  of t h e  p r e s e n t  work f o r  energy conse rva t ion .  Thus when d e c i d i n g  

on the  degree  of v e n t i l a t i o n  s e a l i n g  peak eat her s t r i p p i n g )  which would be  

p e d s s i b 2 e  i n  a  g iven  dwel l ing ,  i t  seems e s s e n t i a l  t h a t  account  should  b e  

t aken  of t h e  background leakage  a r e a s .  P r e c i s e l y  how t h i s  shou ld  h e  done 

i s  n o t  ea sy  t o  s p e c i f y  a t  t h e  p r e s e n t  t ime,  However i t  i s  p o s s i b l e  t h a t  

the  whole-houss p r e s s u r e l e x t r a c t  t echn ique  a s  used by B I I E ' ~ )  could  p rov ide  
# .  

useful i n £  ormation on backgrou.nd Peakage areas. ' 

I n  t h e  same way accomt  s h o ~ ~ l d  be  t aken  of background leakage  areas when 

d e s i g n i n g  mechsnica l  v e n t i l a t i o n  systems,  Fo r  the  t e s t  house used i n  t h e  

p r e s e n t  work s u f f i c i e n t  v e n t i l a t i o n  might occur  through t h e  backgromd leakage  

. a r e a s  a lone  ( i . e ,  doors  and windows s e a l e d )  w i t h  a mechanical  e x t r a c t  sys tem 

i n s t a l l e d  s o  t h a t  a d d i t i o n a l  purpose provided  i n l e t  v e n t s  would n o t  be  neces sa ry ,  

F u r t h e r  i n v e s t i g a t i o n  of  t h i s  e f f e c t  i s  r e q u i r e d ,  I n  extreme c a s e s  t h e  

background leakage  a r e a s  might be  so  l a rge  as t o  r ende r  i t  imposs ib l e  t o  

make t h e  v e n t i l a t i o n  r a t e  independent  of me teo ro log ica l  c o n d i t i o n s  ( i . e .  

indepeodent  of wind speed a n d n ~ ) .  I n  such c a s e s  c o n s i d e r a t i o n  would have 

t o  be g iven  t o  s e a l i n g  t h e  background leakage  a r e a s  (e.g.  w i t h  s p e c i a l  p a i n t s )  

ar t o  e n s u r i n g  t h a t  t hey  a r e  minimised du r ing  c o n s t r u c t i o n  of  t h e  dwel l ing  

by paying  s p e c i a l  a t t e n t i o n  t o  d e t a i l s ,  
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It can be seen fn3d ehe p r e d i c t e d  results f o r  Dis t r ibu t ions  Z and E1 $hat 

t h e  g r ea t e r  the  parcentage con t r ibu t ion  of &he background Peakage a rea  

assi,gned t o  i n f i l ~ r n ~ i o n  i n t o  the l o f t  Space, t he  grea te r  the overall 

v e r : . t i l a ~ i o n  rase i s ,  and there fore  Lhe greater  t he  venti1a"licn beat l o s se s  

will become, Hence i t  would appear t h a t  s ea l i ng  t h e  leaks into the l o f t  

could alone make worthdnile energy savings, 

h . o t h e r  po in t  t o  be considered, concerns the  est jxiat ion of hea t  losses due 

t o  n a t u r a l  aaei~tilati.on over the hea t ing  season. The nmner in w h i c h t h e  

. s t ack  effect znd wind effeci-. com3ine leads  t o  a v i r t u a l l y  t~orrizonta-k par t  

of tkie pi~eci icted a i r  change r a t e  curve (see F i g ,  7'23 f o r  exsnple), Thus 

below a c e r t a i n  wind speed t he  a i r  change ra te  depends only  o n b T  (and wind 

d i r ec t i on  t o  a lesser extent)  and t h i s  could prove t o  be a usefu l  s i q l i f i c a t i o n  

i n  the est imat ion of  in tegra ted  v e n t i l a t i o n  heat losses ,  Such est imates  

are necessary f o r  t he  evaluat ion of p o ~ e n t i a l  energy savings arising f rom 

the use of mechanical v e n t i l a t i o n  s y s t e m .  

7, CONCLUSIONS - 
,* 

The major conclusions t o  be drz~rm from the work described are as follows,  

A ma.%hematical model of v e n t i l a t i o n  in houses has been developed %hieh is 

based on phys ica l ly  s o w d  crack Efow equations.  It i s  irq3ostant f o r  

p r e d i c t i n g  ven t i l aa ion  induced by t h e  a taospher ie  wind that t h e  external 

pressure  d i s t r i b u t i o n  on the  house be  accurate ly  knowal. Values of pressure  

coe f f i c i en t s  g i ~ e a  i n  handbooks are of l i t t l e  use  when they are obtained 

from t e s t s  on i s o l a t e d  houses. 

It i s  p a r t i c u l a r l y  important t o  take account of background leakage areas  i n  

t he  p red ic t ion  of ven t i l a t ion  rates,  Background leakage areas a r e  of 

s imi l a r  magnitude t o  the areas  of erae'iss around doors and windows, The 

neglec t  of background leakage areas  w i l l  l ead  t o  severe underestimation 

af  v e n t i l a t i o n  rates. Because of their na ture  i t  i s  very d i f f i c u l t  t o  

determine t he  manner i n  which they a r e  d i s t r i b u t e d  about the  house, Extensive 

weasurements i n  a t e s t  house have l ed  t o  the choice of two simple distributions 

which s a t i s f y  a p r e s s u r e / e x t ~ a c t  t e s t ,  Predict ions  ca r r i ed  out wi th  these 

two d i s t r i b u t i o n s  have demonstrated ehat it i s  e s s e n t i a l  t o  ob ta in  a good 

approximation t o  the real d i s t r i b u t i o n ,  



ventilatioza rates obta ined  i n  a tesll Eaorsse show OF. average encolzraglng 

agrcemrik,  M ~ c h  nare sx~9erimengral. daka  is neeskd 3z~rrver  bezrax~ ; i s  

kieclbsaitive assessmen"c? tE~e mode1 can be made, 

A t  3.0% wind speeds  i t  i s  importang t o  inc lude stack effect i n  Zhe smdel 

because t h e  pressures induced by buoyamy  are l a rge  compared t o  those  

generated by the wind. A m.ifesta"cjor, of this call be s2e-sz iz the 

irzfili-,ra;ion pa ths  at Iov vind spzeds --. 'il-ie a i r  e n ~ e r i z g  tlr-srougk the 

downstairs xoons m.6 erAausting th-soc.gIa. the upsteirs raoms. 
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