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This  paper  r e p o r t s  t he  r e s u l t s  of measurements made j o i n t l y  by BRE and the  

Centre  S c i e n t i f i q u e  e t  Technique de  l a  Cons t ruc t ion ,  Belgium, t o  compare 

the performance of n a t u r a l  and mechanical v e n t i l a t i o n  systems i n  otherwise 

i d e n t i c a l  houses.  Ven t i l a t i on  r a t e s  were obtained by t r a c e r  gas methods, 

and t h e  a v a i l a b l e  a r ea  f o r  a i r  leakage,  and i t s  d i s t r i b u t i o n  among the  var ious  

components of the  f a b r i c  were measured by p r e s s u r i s a t i o n  techniques,  
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% i s  p p r  ~ g p ~ r t ~  the resa t8  of reesaapch on ventilation rat@& 
in dwsrllfage, wdert&en ia eollaboratfon by Centre Scisntifiqu@ 
e t  T ~ O ~ P ~ \ X @  da la Constmction, ~ Z ~ W ,  a d  khr Buildiw Resaareh 
Estrbl$s~mtbdi; ,  U ~ t e d  Kiagd6gle 'Phe w i n  d m ~  of the work wem, 

5 $0 cornpm the wrfs ee o f  m t u d  m d  me~ 
v@nt i l& l i sn  system in IdantPcd dwellingm, a d  

(i%) t o  compare the meats  f o r  slaaraauramnte, of ventilation 
rate m d  in-situ memu~ement of compaaent B e h g e ,  mde 
ursiw the mdhoda emplotgred by aacb Establish~nt~ 

The work f o m d  p r t  of the maearch program@ of th@ Syndicn* $C-fi%)', 
entitletd - @Air Distribution - ?g77/?$?8@ - fPlaadsd by &ksr mu* md 

t ia ~all&b0;~19rtio~ by WfC*( FAm + , a d  CS%* The 
Pro& W the following ov~rall aim: ' 

&$i) to d e T i ~ e  s i tuat iom far the application of ba% mcavew, 

(%A%) %a &fins  mekhods for testing amd the coatpox of h@@% 
masveq  d s ~ e e s ,  

The wo& also f a m d  p r t  of" Bm wserarcka i n t o  the ventiIPnLf@a of 
aodsm dwe2Xiwe, vkich h a  so far included ths msaau@mats of 
ventilation r r L e ~  in so- twenty-five dwr%li.rge, in co-~pratlon with 
=Rue, with %he a t f aa t e  pi& af i p r p ~ o v i ~  mtursil ventil&tion d@ai@e 

msr 18lgpawemnts by C B E  wem carfie& out over a p r i a d  of few w n t b  
f s m  Feb ?g77 ia aewly-built housea on a cite s m  $a the 
south of Bmsresle, %he 1BR.E narsasuremends wem made during the period 
March 7 to 24, duriw wMch a BBaE HobiBe Zerborrrtory dsr% 
BiQca~we~ent of v@sti%ation rate@ wars brought over %rm 
sat up at $h@ t e s t  aits, 

Fim~e 1 ahows the p n e r d  Pwoat sf t b  akLea S h  identicd uatsecup%ed 
housaes, ambered 1 to 6 in the fipse , were used by C S E  for raleasureraentfs 
of ventila$iem m d  he~tiag comumption, 'X%% houses m fdentica in 
lqout orientatioa a d  cowlmction, a d  differ o d y  18 the m t h d  emplqed 
for ventilat$an, The six houses were aewly b d & t  and of a 
4@vgXom0at of about f i f t y  single asld two-stony d w e l l i q e  at the e d p  
af a @ d 1  Lawn, ausrounded by f l a t  open ~ ~ ~ t m s i d s r  

" CI-PB - Syndieat dsEtud@a Interinduatries - construct$sn 
mIA .- fmetitut p m  P ' E n @ a ~ % g @ m @ ~ t  dg la Recheschaa Scfdslntiffqur 

d a ~  P91ndustrf@ et P f A g d c a % u m  

"XBIC - $idon Brlgs dee Pnatdlateurs d s  Ch.aaBfage @t C~n&itiowemnt 
d@ A%P 

F A B R B m f i  - Poderation des Enterprises de lcInduetris dds Fabr i ea t iw  
Metalliqua 

S R f  A Building Servfess Reaawch m d  Xnfamation Assseiati@% 



After suf f ic ient  mcsa~ureaents of natural ventiPatisa rats6 had been 
 JIB. Hmae 9, the duct system for  the ruaturd ventihtian of %he 

Utchen, K and batborn w a s  replaclad by a mec c& ~xtract vetem 
witb autlats i a ~  each o f  tangee PO-, In view of the leak- amas in 
the building fabric, daecribd in Sections 4.2 and 4.3, no special 

06s-mde o p ~ i n g s  were, provided f o r  the incoming reglaeamenrC; airc 
W L o w  volume flaw of the extract s y ~ t e m  w a s  21wIh at 
prsswure foes ab 420 Pa, '6he pmasuse &op across the ceiliag @x%m~le% 
ogasnbng~ W- 80 he 

Qff i )  Hechmica$ ventf latf on - input and extract syetsm "ooaxble $aw@) 

Eouses 2 m d  5 were f i t ted  with fuPT ilzgut/~xtrtnct mec 
~ B L ~ W ,  wuch were prhictieslly ident ical  except for t 
Tana poa i t ion~  of  the extract m d  eupp2y opening@ (all In the seiBiw) 
iaacats Ff-res 5 a d  SuftabPe opening grillera were pravidsd $8 
the inte  doors to d l e 3 w  free movement of air %rota supfly to extraet 
paints* W B e e i s  perfamace ~f the two system are m follcnws8 

The argthods employed by both C S E  and BRE were b ~ ~ e d  uwn the w e l l  &m 
equation mweanze: the %ration of caoare~latratio~~ c, of s~mb kg 

, &$er tim , in a s p c a  of volunne, V, wia an 
&.%X', Q 0 

G@ is the eoncentratioar o f  the eoostami at tiw, t m 0 ,  

Wovided eB is k a m  the ventilation rats (W) '$o dste?wn@ka W 
@ ~ % t i w  /CC?. - C?@)// t%Ult2, %p, 

~ C P  CS% m d  m metbdls differ in two azrnin respcscts; tbae tracer 
eaplqeb, m 6  the mtffsd of empling when d e t e m i ~ w  wholb house 
v@ntiXa%ion rate&, 

W %pacer p used was aygen, mkb its cssl?icen%ratSoar was de%atmiaad 
%to ~ a -  %$C prope&ieps, Bgitrogen w w  introduced i n t o  t b  

e p e e  uader tea o&sr to reduo@ the c~ncea%spatioa of o w ~ n  to 
~hpprmlmLePg 4,0 per c ~ n t  blm the pmvailing IsveL in %h@ abxts 



P ~ F C B ~ ~  tl* ccmp~nen$, m d 9  us1qg a ceatfifugekl air w m  extracted 
froa ;!h PE-LT~OBBIP"~ ~ T B B L ~ E . ~  1 flow tllraugk kho cmpoaent aad a 
pressuse drop aaaeoss i?", Eeaslaseaents of' flow rake swase a d @  over 
a r w e  of appl ied  pressure, up to about 400 by Bm, md up t o  

' 750 B bj C 8 E .  IaY@aaurerss@ntbl were m d e  02 day@ with l 8 w  wind s p e d  
ta avoid euy interference w i t h  the keeaauremnts, The CS% rfg 
cowisled of rigid wooden box screwed tc the sx%ernd  surface using 
t k a a d e d  helas e p s c j - d l y  provided i a  the waif for  this wrpose, &ad 
sealed by a m a t i e ,  The advmtwge of t b  ~ l g % d  enc losu~e  of b@iw 
able t o  amly both suction m d  p s i t i v a  pressures, and hence beiw 
able ta Iav@atfgat@ the effec t  a f  f law bir~ction %k%rough %b ~ m w m ~ t ~  
was offset by the limit@& applicability a? the rig, Tks B B  f i g  
esmis tad  02 an duminium frmework, adjustable to the o v e r d l  size 
o f  th& cmponent under cs%aideraaon, whick, supported a pa1gthese 
eh@@% sesded to the surface surrounding $he @ m ~ n e n t r C  O d y  m~$.boa 
pressures e o d d  be applied,  Ckscks f ~ r  le&age were canti~aoue$y m&@ 
w i t h ,  saok8 tube tracer dranr3.x t h e  B E ;  a ~ ~ ~ u m r n n t ~ ~  

3,4 Whale house le&agc t es t s  

Memurements wesa mde of the le&age u n d a ~  a u d f o d y  applied 
pressurs  affer.snk:e of $he exterm% 9shsllB of the h ~ u e s ,  using 
~ql;gipmnt dev a2 sped a& IRE Winces Rieborough E&.aasra$a~, m& 
d e ~ ~ r i h e d  by Skl~-"5:er ( 2 ) :  f i g w e  7 a h w s  $h g e n e r a  mrrnwge~% 
af %hie eqaipmrisnt which consipsts of a W O ~ E I ~  f a ~ e  door d,@~igne,d t6 
be sealed into the main doamay T U B  f d b e  d o 8 ~  m p p r t ~  a 
variable s ~ e d  a x i d  flw fm, to which %B cameeted a @bar% l@n@h 
of duct, c ~ n % a i n i w  at i t s  eaatre a vme memometer, gm-c&ibraled 
t o  g i v e  volume f l aw  rate through the $?m. T b  fan G Q U ~ B  BE 1 ~ r q e d  
both to prseaurise m d  $%pressurise the house with  respot to ex.$@ 
d r  s$aLic preesuare. The gsverdl c h r a e k e r i s t i e  of %h had@ ~ h 8 U  
could t h e r ~ f o r a  ba detemined by simultm~ou~Xy m-usiq am1ied 
pz~ssum m d  P l ~ w r a Q ~ ~ .  By seaiw v a r i o w  compone$$.%s in tm $h 
d"e$$butj-aa sc X@&%@ among@% compoaentc eou.ld bs sst imled,  

Heasurnmeats wsrs faas in i'iwdee 1, w"%h both mtwd aad ~Bmple @axtrab:t 
v.&~ntila.t;ion, aed in House@ 2 a d  5 with f u l l  supp1y/"@~trac% @js$$rn9 m d  
the msul ts  a18 sumarieed i n  Table 2@ In the m c  c a l ~  ven tb lab& 
hswes ths air f l o w  m$@ at t h e  supply extract gril.j,lb@ V@& m e m w ~ d  
using a c d i b r a t a d ,  headed vme m@@om6$ers 

Hemureaente wera %+zds 5% 31tt~~ae , l ,  with  ~ & t c r d  vent i l  a5-i an C X L L ~ ,  m& 
in Nouse 2 ,  w i t h  supply/extrac$. ~ 3 r ~ t e m a  IB the Latter e a ~ e  W listed 
aumber off mma~ssc\euts were mde v i  th %h@ meahmicd s.ystea =itched of f *  
The m a d t a  Ear X @ I > ~ ~ B  1 @ad 2 are summrissd in Te&bLs~ 3<a) a d  3 ( b )  
k s ~ ~ ~ t l v @ l y ~  I~he g ~ p s  in the  t@st nuabass relate $c i a d i v i d u ~ 2  so= 
~eaawem@nts which @ e m  d ~ o  mda and which @ill be mpsLed easewhare), 



aaee-iceil syakern turned o f f ,  the vsn' t i lat ion r a t e s ,  due on32 t o  d n d  
m d  t empra tu rn  d i f  femnce,  a r e  close ts t h o ~ s  of Houss 7,  Thfa BE 
e s u l t s  for Rouee 2 =a aPss p l ~ t f e d  on Figure 91 ,  These ape 116~~8~ 
than the BRE resu l t8  but  again generally eubsteentiaPly i n  excess of 
%he m~asured aec c d  ven t i l a t i on  flw rates, Uf i ike  the msdts  
shown in FBg9x4-e 9 f o r  the na tura l ly  ven t i l a ted  houes, those in P f w ~  
"1 cover sever& wind d i r e c t i o m  a d  this may M a ~on%~but%7sq faetor 
t o  the diiforances between tha two mmurement raibthsb, It vogald 
appcrr t21a"cfi.e houses are i w u f f i c i e n t l y  well-sed@d %Q It;&@ eadva~af%%@ 
0% the a e e b f c d  system, This is further confisrwd by the m s d t a  
for Hsu~sa 5 listed ia Tabla 2 ,  where ergdn this m e a e w d  who%@ houas 

w e  cansidarab%$ i n  excess sP &he flaw rate ffm the  m e c h d c d  
system . The exceaa flow ratas due t o  infiltration is m f f f a b n t  t o  
remove any m ~ n g ~ ? i  l.n vbntilatioa heat loes due to $216, irao1wian a9 a 
heat m c u q r a t o ~ ~  

5.2 h h g ?  "a%@@ 

Itr $8 CL@= ~ P Q ~ B  Figare@ 886d C 8( d)  %hat these 9s con~idbarablb v d a t i a a  
%a the Xa&ge c b r s c t e r i s l i e a  o f  nominally i d e n t i e d  c o w n e n t s  f i t t e d  
t o  i d ~ n t i e d  houws by the same bui lders ,  It v m  not p a s i b l e  to 
qam%itativePy w h %  proportion of the Is&- took place thk"ou& t 
psrimetcdr gaps ~ p d ~  gmts, and w h t ;  prop~aPI;Pl(i~n m a t @ $  

t o  obtrr%a an e s t i m t s  sf ths l a & w  thou& %he hc9,~$~ ~Slitwbd ia 
%h bme of each wiadov irme, Xn &er ts press m a t s  mm 
aeeixsictlg, u s h e n  mde af follmi- e p u a t i o ~ ~  derived f 
d i m m i o n d  a 

Q, = dry( Re*, crack geometsy. (31 

rfngre Re' is a Heyn01ds Number, defined W 

Q i a  the vcdlum %am r a t e  per u d t  l e n e h  of er- 

d is the me= crack &dth 

An examination of published work (3 *4y5)m f l a w  tbrmgh eytyplcal ~onponsnt 
c s a o b  nshws that &LB R e p 0 1 b  Number fs incmwed, ie m %he app1ied WesstwB 
diliemnce ib~i ibncr~med~ the function F tends t o  a camtmt vaue ,  
f l ~ t t i ~  ~ ( 2 b p / p l Z  against ,  sly,  (dp)* enables the product (&.F) to 
d e t e d a & d e  The actual value of F w i l l  l i e  clme t a  t b  t b o ~ e . $ ; i d  v&- 
f o r  s edged oaifisekp af 0~6% when t he  l e w h  ai t h  ogening is 
r@XaSt, smdl in compmieon with the width, d,  bat w i l l  I B C P B ~  to 

w$Lh lan@h ss fsistiorad efSec&kl h e n  do doaa8mte the meilMX pms 
lass, For p q ~ s e s  of comparisoa, in t;Ma ImLmce the @&a@ o f  Y b 
Msn arbitr&rb%y t&en aa 0,6? to &v@ m t i o ~  eqrzivasrat width the 
v m i m s  compsneats examinede It must be -mmembered tb$ a p p l i e ~  at 
high values sf B p  only and a knowledge of the variadgoa of P is 
required to predict flow rates a t  Bmer values, eueh as t h ~ s e  $ypicaUg 
prstdneed by the wind and staek a f f s c t i i n  baildfwe, 

TabLa 6 lists the v d u e s  sP s q u i v d e n t  wid$h for  the compomnts examiued, 
SBnee the- windowe ' a d  opning light6 with ~ i ~ P a r  cross-saetism %&m& 
$he ~ 8 h @ 8 ~  these  repmsant thep lwgeeL  group for C O ~ W ~ B ~ E *  Tie 
An %*dues of d is large m d  vd~q;j~;jga C& fo r  the @ S E  a d  m 
mmuremn$s me2 0@31ma m d  0,26na reapct ivglg,  Siwle s ta t i s t i cd  



but aevasrtfraelesa iargliaa~a a limitatirga on the  a b i l i t y  t o  
pu"adia$ with accmacy the? m t u r d  mati leat ion of hoarse& fmm 
the glolaimd perfomanee c h a s a c t e A a t i c s  of windoaja m d  @%&X= 
C ~ P O P $ B  B ~ B  r 

4 e  Frm the combined resdts of le&a@ mersu3uremants on f n d i d d u  
eompsnents and whale house h e w e  tests  an ind iea t ion  w m  o b t a h e d  
of the $is t r iBut ioa  of the  l e e w e  w e a s *  Only about 40 p r  cent  
was ~ e o a u n t e d  f o r  by those eompanentt;e general ly regmded as t b  =in 
source of i n f i l t r a t i ~ n ,  daosw m d  windows, O f  t h  remdaing proportfoa 
24 psr csne could be i d e n t i f i e d  viLk a p n i n g s  enroh a trap doors, and 
in $hie ease gaps between the ceiling p l a s t e r b ~ m d i n g ~  T h  remddw 
35 per eent could not be? f den t i f i ed ,  ba t  probably I ~ C % U ~ Q &  gaw at 
the  juncture of the  ceiling a d  waXls, Such a f i s t r i b u t i o n  msL $Q. 
t r e a t e d  with sem c w t i o n ,  s ince  under r e d  c o n a t i a m  the p r 8 s ~ m  
&fferances m e  not evenly d ie t r ibu ted  a d  Epre gsnerallfy Power tm 
thoecs used f o r  the teets, Neve~theless, this further u d a r l i n e ~ ~  
the a r r s r s  l i k e l y  t o  be associated with predis$ion@ sb ventblatian 
per fama~ce  bmsd upon the c b r a @ % e r l e t i c s  of windms, doore -&a 
other  purpose-mde o p n i n g s  d o n e *  

5. There are $00 few results t a  wake an accumte  compuison af the 
two d i f i e ~ e n t  methods of measuring v e n t i l a t i o n  rates employed by 
EIRE @ad C S X ,  neverthelerse t h e  lpe~UJ$s obteLined ware cornistent. 
mere was as s i g n i f i c a t  difference batateelre the meat@ sb$da@& 
frm the two methods of measuring in-slitu l s & ~ p s P o m m ~ a  of 
C O P B B P O ~ ~ ~ B  a 

me w o ~ k  carried out by the  BRE authors  foms gtapt of%@ msewch 
propme of %be EstabEisment and g s d s s i o n  La include %Me is 
a~;lahowledged, " r e  m$lt%oss wish Lo tha& their c o l X e w @ a  who 
contributed i n  var ious  wqs,  in p a r t i c u l w  H, NachLereeZs a d  He 
Ott ley ,  IOP Lhsir a s e f s t m c e  with t b  site work, and Mse L ina 
who c a r i e d  out mch of the y s i s  of the ~ t ~ ~ r m u r e m n ' e l ~ ~ j ~  
scpolipment for measuring whoLe hause leewe veihuse w w  kipba;~ 

B by M r  C New of the Priaees Rirsbsrsougl% Zarboratoq, B=, 

1. Warren P R, 'Nwtwal i n f i l t r a t i o n  routes m d  their i%u&e $E 
hausss M Bwt 1; Prvsliminary s tudiss  of domestic venti la%fon@ 
fiaceadiage of Csnfsr@nes Tonntrollsd Ventilation" ,@ton U d v s r ~ i t y  
Beptsmber q975 

Za, S k i m e r  H, "aaturak i n f i l t r a t i o n  route8 and t h e i r  m-itude in 
housee - P-% 2; '  Proceedings of Canfesence 8 C o n t r ~ l P e d  YenLilation" 
Aston Universi ty,  September 1975 



m-*-- - 
R - Whole house venc i . ln~ io r ,  r a t e  
Rm - Mecianical ventilation system f l ~ w  rate 

LLR - Xxcess of Ts over l? 

P, - External air ternpc!&! t u 8 e  
$ - Uind direction 
Ul 0 - Wind speed, rnerns~~red at h e i ~ q h t  of l O m  

T a b l e 2  Whole house v e n t i l a t i o n  ra tes  - H 
CSTC m6?iiurernents .---- 

F) (dcg) ( ' C )  
---W- 

ical system 
in operation 

Lymbols as dei incd for* Tx51(5 3(a) o - ~ o r l e o f  

\;hole house v c n t i l a t i o c  r o t e s  - iiouse 2 
I3lh.i mc%t;urer,~elii;s 



ITo. of: liouse 1 (E,!L) Mouse 2 (CSTC) ;louse 5 (CSTC) 
osening 

(Table  l a )  A n  d h. d A ,, d 
(cm") (mm) ( ern'- ) (mm) 

V -- r e s u l t  f o r  flow - out tnrougi l  opening 

* - result w i t 1 1  d r a i n  holes sex led  off 
* *  - r e s u l t  ob ta ined  from whole house leakage  t e s t s  

Table G Not iona l  equ iva len t  area and crack width of 

i t e s u l t s  underl ined i n d i c a t e  t i -ose  w i t h  values less than 
prescribed by Hi311 i~ 62-001 



FlGURE 1 SITE LAYOUT SHOWING POSITION AND ORIENTATION 
OF TEST HOUSES 



45 mm mineral wool 

concrete slab --- 

' beech wedge 

FIGURE 3 SECTION 'THR0LIGt-l OUTER WALL 





FlGURE 8(c) LEAKAGE CHARACTERISTICS OF S 

FIGURE 8 (d) LEAKAGE CHARACTERISTICS OF FRENCH S 
AND LOFT HATCH 

HOUSE 





Windows and 
externa l  doors (710 malhr ) 

W'C' bathroom (410 dlhr ) and kitchen vents 

Plasterboard (260m3lhr) 
ceiling joints 

Crawl space ( 140 rn31hr ) 

Loft t rap  door ( 1 2 0 d l h r )  

0 t her sources 

FIGURE 12 DISTRIBUTION OF WHOLE HOUSE AIR LEAKAGE 
FLOWS AT AN APPLIED PRESSURE OF 50 Pa 


